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Description * * 

[0001] The present invention relates to an analog sig- 
nal processing technique and, more particularly, to a 
technique which is especially effective when applied to 5 
an analog filter circuit using a differential amplifier 
whose transconductance is controllable, such as a tech- 
nique which is effective when applied to a semiconduc- 
tor integrated circuit device (hereinafter also referred to 
as an LSI) having an analog filter circuit therein and used 10 
in a device such as a portable telephone operating on 
a low voltage. 

[0002] In recent years, as portable telephones and 
battery-operated electronic devices (e.g., notebook 
computers and cassette tape recorders) have become 15 
popular, a demand of lowering the voltage and reducing 
the power consumption of an LSI has been rising so as 
to further reduce the size and weight of the devices and 
to prolong the service life of the device with small-sized 
batteries. 20 
[0003] On the other hand, degitalization has come in 
the communications and audio fields. Since, however, 
the voices, images and electric waves processed are 
analog signals, analog circuits are indispensable. In the 
signal processing for the digital communications, more- 25 
over, there are required A-D converters, D-A converters 
and analog filters which are disposed before and after 
the converters so as to remove aliasing noises and high- 
frequency components. 

[0004] However, the performance of analog circuits 30 
highly depends upon the power supply voltage, and con- 
trivance is required for lowering the voltage. Particularly, 
the key techniques are A-D and D-A converters and the 
filter circuit, and current-driven A-D and D-A converters 
are now under development. Therefore, another major 35 
problem left unsolved is to realize a filter circuit which 
operates on a low voltage with a low power consumption 
and has little frequency deviation. 
[0005] As analog filter circuits a CR filter using a re- 
sistor R and a capacitor C and a switched capacitor filter *o 
in which the resistor of the CR filter is replaced by a 
switch. The CR filter is a continuous-time filter, and the 
cut-off frequency fc (the frequency at a gain of -3 dB) is 
expressed by 1/2n RC, so that the cut-off frequency fc 
varies ± 50% at the maximum due to production varia- 45 
tion (± 30%) of the resistor R and the production varia- 
tion (± 20%) of the capacitor C. We have found out that 
the CR filter has a problem that frequency deviation is 
very bad. 

[0006] On the other hand, the switched capacitor filter so 
is a discrete-time filter, and the cut-off frequency fc is 
expressed by fs-C1/C2 where fs is a sampling frequen- 
cy. Since the cut-off frequency fc of the switched capac- 
itor filter is thus determined by the sampling frequency 
and the capacity ratio of the capacitor used in the filter, 55 
the switched capacitor-filter exhibits remarkably excel- 
lent characteristics in the frequency deviation. We have 
found another problem that a high-speed amplifier is re- 



quired which can follow a frequency ten or more times 
higher than the signal frequency. 
[0007] Moreover, the switched capacitor filter requires 
a continuous-time front- and back-end filters, so that it 
is not suitable for reducing the power consumption. The 
MOSFETs constituting switches are not turned on if the 
supply voltage is low, so that it is not suited also for low- 
ering the voltage. In this case, there can be considered 
a method of boosting the clocks for turning on and off 
the switches. However, the so-called "feed-through", in 
which the gate voltage is transmitted to the source or 
drain through a parasitic capacitor between the gate and 
the source or between the gate and the drain, increases 
to deteriorate the SN ratio (Signal-to-Noise ratio). 
[0008] As an analog filter circuit capable of operating 
on a low voltage with a power consumption, moreover, 
there has been proposed an operational transconduct- 
ance amplifier-capacitor (hereinafter also referred to as 
an OTA-C) filter, as shown in Fig. 19, in which a differ- 
ential amplifier circuit (Operational Transconductance 
Amplifier, hereinafter also referred to as an OTA) whose 
transconductance Gm (the voltage-current conversion 
characteristic) is controllable used in place of the resis- 
tors of the CR filter. The OTA-C filter has an advantage 
that the cut-off frequency fc is expressed by Gm/2nC 
and the deviation of the cut-off frequency fc can be com- 
pensated by adjusting the transconductance Gm of the 
differential amplifier in accordance with the amount of 
variation of the capacitance C. According to our study, 
however, the distortion of the OTA-C filter cannot be lim- 
itted to below 0.2%, so that it does not satisfy the prac- 
tical requirement. 

[0009] Therefore, we have investigated the cause that 
the operating voltage of the OTA-C filter cannot be low- 
ered. The Gm-controllable amplifier used in the OTA-C 
filter comprises a differential amplifier, as shown in Fig. 
18. Then, it can be considered that the transconduct- 
ance Gm is adjusted by adjusting the gate voltage Vc of 
a constant current MOSFET M5 to change a bias current 
Ic. 

[0010] In the basic circuit of Fig. 18, the gate of a 
MOSFET M1 connected as a load to the drain terminal 
of an input differential MOSFET M3 is connected to the 
drain. In short, the MOSFET M1 is, so-called, diode-con- 
nected. As a result, in cases where the supply voltage 
VDD is low, and the voltage Ve (the difference of Vgs- 
Vth between the gate-source voltage Vgs and the 
threshold voltage Vth of the MOSFET M3) and the 
threshold voltages of the P-MOSFETs M1 and M2 are 
high, the voltage at a node N1 , i.e., the drain voltage of 
the MOSFET M3 drops, causing the MOSFET M3 to be 
unsaturated when the input signal Vin rises. Our inves- 
tigations have reached a conclusion that the above 
process is the cause that a low-voltage OTA-C filter can- 
not be realized. If the MOSFETs operate in an unsatu- 
rated range, distortion will arise in the change in the out- 
put signal due to the change in the input signal. If, in the 
OTA, the MOSFETs also operate in an unsaturated 
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rangg, the strdightness (linearity) between the input volt- 
age and the output voltage is deteriorated. 
[0011] The present invention has been achieved 
against the background described above and has an ob- 
ject to provide a filter circuit which operates on a low 5 
voltage with a low power consumption and has a low 
distortion and a small frequency deviation. 
[0012] DE-U-9300550.4 discloses an analog filter cir- 
cuit having a voltage/current conversion circuit with in- 
version and non-inversion input and output nodes, in io 
which the inversion output node is connected to the non- 
inversion input node, the non-inversion output node is 
connected to the inversion input node and capacitance 
circuit is connected to the non-inversion output node. 
The conversion circuit has two differential MOSFETs 1& 
whose drains respectively provide output signals to the 
inversion and non-inversion output nodes. Respective 
current circuits are connected between the power sup- 
ply terminal and the drain of the differential MOSFETs 
and a current source is connected to the source of the 20 
first differential MOSFET. Thus DE-U-9300550.4 corre- 
sponds to the pre-characterising part of claim 1 . 
[0013] According to a first aspect of the invention 
there is provided an analog filter circuit comprising: 

25 

(i) a voltage/current conversion circuit having an in- 
version input node, a non-inversion input node for 
receiving an input voltage signal, an inversion out- 
put node and a non-inversion output node (OUT + ) 
coupled to the inversion input node; 30 

the inversion output node of the voltage/cur- 
rent conversion circuit being coupled to the non-in- 
version input node of the voltage/current conver- 
sion circuit, the voltage/current conversion circuit 
having a first differential MOSFET having a source, 35 
a drain providing a first output signal to the inversion 
output node and a gate, a second differential MOS- 
FET having a source, a drain providing a second 
output signal to the non-inversion output node and 
a gate, a current source connected to the source of 40 
said first differential MOSFET, a first current circuit 
connected between a power supply terminal to 
which a predetermined voltage is applied and the 
drain of said first differential MOSFET; 

and a second current circuit connected be- 45 
tween said power supply terminal and the drain of 
said second differential MOSFET; 

(ii) a capacitance circuit connected to the non-inver- 
sion output node of said voltage/current conversion 
circuit; and 50 

(iii) a control circuit connected to the first current cir- 
cuit and the second current circuit of said voltage/ 
current conversion circuit, and used to determine 
the current values of the first and second current 
circuits; wherein the gate of the first differential 55 
MOSFET receives a first input signal from the non- 
inversion input node, the gate of the second differ- 
ential MOSFET receives a second input signal from 



the inversion input node, and the source of the first 
differential MOSFET is connected to the source of 
the second differential MOSFET. 

[0014] According to a second aspect of the invention 
there is provided an analog filter circuit formed on a sem- 
iconductor substrate, comprising: 

a plurality of voltage/current conversion circuits, 
a plurality of capacitance circuits connected to the 
respective non-inversion output nodes of said plu- 
rality of voltage/current conversion circuits; and 
a control circuit is provided common to said plurality 
of voltage/current conversion circuits, 

wherein each of said voltage/current conversion 
circuits includes: 

an inversion input node, a non-inversion input node 
for receiving an input voltage signal, an inversion 
output node and a non-inversion output node cou- 
pled to the inversion input node, the inversion out- 
put node of the voltage/current conversion circuit 
being coupled to the non-inversion input node of the 
voltage/current conversion circuit, and including: 

a first differential MOSFET having a source, a 
drain providing a first output signal to the inver- 
sion output node and a gate; 
a second differential MOSFET having a source, 
a drain providing a second output signal to the 
non-inversion output node and a gate; 
a current source connected to the source of 
said first differential MOSFET; 
a first current circuit connected between a pow- 
er supply terminal to which a predetermined 
voltage is applied and the drain of said first dif- 
ferential MOSFET; and 

a second current circuit connected between 
said power supply terminal and the drain of said 
second differential MOSFET; 
whereas a control circuit is provided common 
to said plurality of voltage/current conversion 
circuits, said control circuit is connected to the 
first and second current circuits of each of said 
voltage/current conversion circuits, used to de- 
termine the current values of the first and sec- 
ond current circuits; and 
in each said gate of the first differential MOS- 
FET receives a first input signal from the non- 
inversion input node, the gate of the second dif- 
ferential MOSFET receives a second input sig- 
nal from the inversion input node, and the 
source of the first differential MOSFET is con- 
nected to the source of the second differential 
MOSFET. 

1 5] The present invention may thus enable a filter 
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circuit to be prbduced which is suitable for an LSI having 
a digital circuit and an analog circuit mixedly. 
[0016] The present invention may also enable a dif- 
ferential amplifier to be produced which has a stable 
transconductance. 

[0017] The present invention may also enable a low 
voltage/low power consumption LSI to be produced. A 
Gm-controllable amplifier used in an OTA-C filter is so 
structured that a constant voltage from a bias circuit is 
applied to the gates of load MOSFETs connected to the 
drains of input differential MOSFETs of a basic differen- 
tial amplifier to allow the load MOSFETs to operate as 
constant current sources and by connecting the inverted 
output terminals of the circuit to the input terminals of 
the differential amplifier. 

[0018] More preferably, the differential amplifier is 
equipped with a current compensation type bias gener- 
ator for generating a bias voltage corresponding to the 
level of the input voltage monitored, and applying the 
bias voltage to the gates of constant current MOSFETs 
of the differential amplifier, so as to compensate the cur- 
rent fluctuation due to the channel length modulation ef- 
fect. 

[0019] By the aforementioned means, the MOSFETs 
acting as the loads of the input differential MOSFETs are 
made to constant current sources, so that the drain volt- 
ages of the input differential MOSFETs become inde- 
pendent of the threshold voltage of the constant current 
type load MOSFETs. Even if the supply voltage is set to 
as low as about 1 .5 V, the input differential MOSFETs 
can be prevented from being unsaturated when input 
signals rise. If, moreover, the differential amplifier has a 
single-ended output structure where the output voltage 
only from the non-inverted output terminals, the current 
outputted from the inverted output terminals and flowing 
in the opposite direction to the non-inverted output ter- 
minals is absorbed by changing the drain voltage of the 
input differential MOSFETs, and accordingly the circuit 
balance cannot be maintained. If, however, the inverted 
output terminals are connected to the input terminals, 
the currents outputted from the inverted output terminals 
and flowing in the opposite direction to the non-inverted 
output terminals can be absorbed from the non-inverting 
input terminals, so that the balance of the circuit can be 
easily maintained. Moreover, since the drain voltage of 
the input differential MOSFETs similarly fluctuates, the 
symmetry can be improved to reduce the distortion. 
[0020] Since, furthermore, the current fluctuation due 
to the channel length modulation effect that the pinch- 
off point of a MOSFET approaches the source to in- 
crease the drain current when the drain-source voltage 
rises, can be compensated, the bias current of the dif- 
ferential amplifier is constant, stabilizing the transcon- 
ductance and reducing the output distortion. 
[0021] In the drawings: 

Fig. 1 is a circuit diagram showing one embodiment 
of a Gm-controllable differential amplifier according 



to the present invention; 

Fig. 2 is a circuit structural diagram showing an ex- 
ample of a primary low-pass filter using the differ- 
ential amplifier of Fig. 1 ; 
5 Fig. 3 is a graph showing the dependency of the 
distortion on a channel in the differential amplifier 
of Fig. 1; 

Fig. 4 is a circuit diagram showing a second embod- 
iment of a Gm controllable differential amplifier ac- 

10 cording to the present invention; 

Fig. 5 is a circuit diagram showing a third embodi- 
ment of a Gm controllable differential amplifier ac- 
cording to the present invention; 
Fig. 6 is a circuit diagram for explaining the opera- 

15 tion of a bias circuit of the differential amplifier of 
Fig. 4; 

Fig. 7 is a circuit diagram showing a fourth embod- 
iment of a Gm controllable differential amplifier ac- 
cording to the present invention; 
20 Fig. 8 is a circuit diagram showing an example of a 
bias circuit suitable for the differential amplifier of 
Fig. 7; 

Fig. 9 is a block diagram showing one embodiment 
of a primary low-pass filter using a Gm-controllable 
25 differential amplifier according to the present inven- 
tion; 

Fig. 10 is a circuit diagram showing one embodi- 
ment of a control voltage generator (a slave filter 
and a phase difference detecting/adjusting circuit) 

30 of the embodiment of Fig. 9; 

Fig. 11(a) to Fig. 11(d) are waveform explanatory 
diagrams showing the input/output waveforms of 
the phase difference detecting/adjusting circuit of 
the embodiment of Fig. 10 in relation to frequency; 

35 Fig. 12 is a block diagram showing one embodiment 
of a ternary low-pass filter using a Gm-controllable 
differential amplifier according to the present inven- 
tion; 

Fig. 13 is a block diagram showing another embod- 
40 iment of a ternary low-pass filter using a Gm con- 
trollable differential amplifier according to the 
present invention; 

Fig. 14 is a block diagram showing one example of 
a ternary CR low-pass filter of the prior art; 
45 Fig. 15 is a block diagram showing a circuit example 
in cases where the resistors in the CR low-pass filter 
of Fig. 14 are simply replaced by the Gm-controlla- 
ble differential amplifier according to the present in- 
vention; 

so Fig. 16 is a block diagram showing an example of 
the construction of a radio communication system 
as an application example of the filter circuit accord- 
ing to the present invention; 
Fig. 17 is an explanatory diagram showing the re- 

55 lation between the cut-off frequency and the phase 
delay of the primary low-pass filter; 
Fig. 18 is a circuit diagram showing one example of 
a devisable Gm-controllable differential amplifier; 
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and . ' 

Fig. 19 is a circuit structural diagram showing one 
example of the primary low-pass filter using the dif- 
ferential amplifier of Fig. 18. 

5 

[0022] Figs. 1 and 2 show one embodiment of a Gm 
controllable differential amplifier according to the 
present invention and an OTA-C filter using the amplifi- 
er. Here in the Figures, MOSFETs (e.g., M3, M4 and M5) 
having arrows directed outward from their gate termi- 10 
nals is of an N-channel type, whereas MOSFETs (e.g., 
M1 and M2) having arrows directed to their gate termi- 
nals is of a P-channel type. 

[0023] The differential amplifier of the embodiment in- 
cludes a differential amplifier stage OTA and a bias cir- 15 
cuit BIAS. The differential amplifier stage OTA compris- 
es input differential MOSFETs M3 and M4, load MOS- 
FETs M1 and M2 made to serve as constant current 
sources and connected to the drains of the input oper- 
ational MOSFETs M3 and M4 and constant current 20 
MOSFET M5. The gate bias voltage of the load MOS- 
FETs M1 and M2 is generated by the bias circuit BIAS. 
Moreover, this bias circuit BIAS is provided for generat- 
ing the gate bias voltage of the MOSFETs M1 and M2. 
This bias circuit BIAS also generates the gate bias volt- 25 
age of the constant current MOSFET M5 which is con- 
nected to the common source of the input operational 
MOSFETs M1 and M2. In other words, the connections 
are so made that the source-drain path of the input dif- 
ferential MOSFET M3 (M4) is connected in series to the 30 
source-drain path of the load MOSFET M1 (M2) and fur- 
ther in series to the source-drain path of the constant 
current MOSFET M5. 

[0024] In the differential amplifier of the embodiment, 
the amplitude of an input signal Vin for the MOSFETs 35 
M1 to M5 to operate in the saturated region is not de- 
pendent upon the threshold voltage Vthp of a P-channel 
type load MOSFET, because it melts the following con- 
ditions, so that the voltage can be lowered: 

40 

2Ve + Vthn < Vin < VDD - Ve. 

Here, the voltage Ve is a difference (Vgs - Vthn) between 
a gate-source voltage Vgs of the MOSFETs M3 and M4 45 
and the threshold voltage Vthn of the same MOSFETs, 
and the amplitude of the input signal Vin takes a value 
of 0.31 V if the voltage Vthn is 0.25 V. 
[0025] In the differential amplifier of the embodiment, 
on the other hand, a current lout flowing from the output so 
terminal out+ is a half of that of the circuit of the prior 
art. Hence, the transconductance Gm is expressed by 
the following Equation: 

Gm = lout/AVin = V(lcpW/L)/2. 
Here, p, W and L designates the values which are de- 



termined by the MOSFETs M3 and M4. The value p is 
the channel conductance of the MOSFET; L is a channel 
length along the channel; and W is the channel width in 
the direction orthogonal to the channel. 
[0026] In the differential amplifier of the embodiment, 
however, a problem rises in the current lout- which is 
outputted from an inverted output terminal out- and 
flows in the direction reverse to that of the aforemen- 
tioned current lout. If there is no part to which the current 
lout- is fed , it tends to be absorbed by the change of the 
drain voltage of the MOSFET M3, so that the voltage of 
the inverted output terminal out- greatly fluctuates and 
the balance of the circuit cannot be kept. In this case, 
there is used a differential output method in which a ca- 
pacitor is connected between the inverted output termi- 
nal out- and a non-inverted output terminal out+. In the 
filter circuit of the present application, it is desirable that 
the differential amplifier has a single-ended output. In 
the differential amplifier of the embodiment, therefore, 
a non-inverting input terminal (in+) and the inverted out- 
put terminal (out-) are connected so that the current 
(lout) flowing in the direction opposite to that of the non- 
inverted current outputted from the non-inverted output 
terminal (out-) may be absorbed from the non-inverting 
input terminal (in+). 

[0027] Here will be described the bias circuit BIAS. 
[0028] The bias circuit BIAS in the differential ampli- 
fier comprises: MOSFETs MB0 and MB1 connected in 
series between the supply voltage VDD and the ground 
potential, and MOSFETs MB2 and MB4 also connected 
in series between the supply voltage VDD and the 
ground potential. The MOSFET MB1 on the ground po- 
tential side constitutes a current mirror circuit in which 
the gate and drain are connected to apply the drain volt- 
age to the gates of the MOSFETs MB1 , MB2 and MOS- 
FET M5 current supply of the differential amplifier stage 
OTA. 

[0029] Moreover, the MOSFET MB2 of the bias circuit 
BIAS is structured as a diode-connection circuit, in 
which the gate and drain are connected to apply the 
drain voltage to the gate terminals of the aforemen- 
tioned constant current type load MOSFETs M1 and M2 
of the differential amplifier stage OTA. The Gm of the 
differential amplifier state OTA is controlled by applying 
a Gm controlling control voltage Vc to the gate of the 
MOSFET MB0 of the bias circuit BIAS and by feeding a 
bias current according to the level of the voltage Vc to 
the constant current MOSFETs M1, M2 and M5. 
[0030] Specifically, as the level of the Gm controlling 
control voltage Vc rises, the current of the MOSFET 
MB0 is reduced to lower the gate voltage of the current- 
mirror connected MOSFETs MB1, MB4 and MBS, and 
thereby to reduce the bias current of the differential am- 
plifier stage. As the level of the Gm controlling control 
voltage Vc drops, on the other hand, the current of the 
MOSFET MB0 increases to raise the gate voltage of the 
current-mirror connected MOSFETs MB1, MB4 and 
MBS, and thereby to increase the bias current of the dif- 
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ferential amplifier stage. 

[0031] Moreover, the embodiment is so constructed 
that even if the supply voltage VDD is set to a voltage 
as low as 1.5 V, the bias voltage to prevent the input 
differential MOSFETs M3 and M4 from becoming un- 
saturated in response to the input signal Vin of 0.91 V 
to 1 .22 V is produced by the aforementioned bias circuit 
BIAS and is applied to the gates of the constant current 
type load MOSFETs M1 and M2. 
[0032] As a result, in a circuit simulation using a 0.8 
jim analog-digital process model parameter the distor- 
tion caused by the circuit system of the embodiment was 
able to be reduced to 0.12% in the primary filter (cut-off 
frequency fc = 30 KHz) when the supply voltage was 1 .5 
V, the input signal was 1 .05 ± 0.15 V and the input fre- 
quency was 10.5 KHz. 

[0033] Incidentally, in the differential amplifier of the 
embodiment, the distortion is 0.02% if the MOSFETs 
M1, M2 and M5 are assumed to be an ideal current 
source. It is therefore deduced that the distortion 
(0.12%) of the aforementioned simulation is resulted 
from the fact that the drain voltages of the MOSFETs 
M1, M2 and M5 fluctuate according to the changes in 
the input/output signals, and the current is changed by 
the channel length modulation effect. 
[0034] In this embodiment, therefore, the fluctuations 
of the drain voltages due to the channel length modula- 
tion effect are suppressed to reduce the output distortion 
of the differential amplifier by setting the channel lengths 
of the aforementioned MOSFETs M1, M2 and M5 to 
about 6 jim. 

[0035] Fig. 3 shows the relation between the distortion 
of the differential amplifier and the channel length of the 
MOSFET M5. Here, Fig. 3 shows the result of measure- 
ment which is obtained setting the ratio W/L of the chan- 
nel width to the length to a constant so that a current of 
identical magnitude may flow through the MOSFET M5. 
[0036] It is known in the prior art that the channel 
length modulation effect of a MOSFET can be lowered 
by increasing the channel length. However, our investi- 
gations have revealed that in a differential amplifier the 
output distortion is minimized for the channel length of 
about 6 p.m of the MOSFET M5 but degraded for the 
larger channel length. This is because although an in- 
crease in the channel length will reduce the amplitude 
of the current error due to the channel length modulation 
effect, the parasitic capacitance Cs (the drain capaci- 
tance of M5) applied to a node N2 of the circuit of Fig. 
1 increases to augment the current error due to the cur- 
rent flowing through the parasitic capacitor Cs. From the 
above description, it is understood that it is advanta- 
geous that for the differential amplifier of Fig. 1 N-chan- 
nel type MOSFETs M3, M4 and M5 having large p (chan- 
nel conductance) values be used. 
[0037] Figs. 4 and 5 show second and third embodi- 
ments a Gm-controllable differential amplifier according 
to the present invention and an OTA-C filter using the 
amplifier. In Fig. 4 showing the second embodiment, the 



elements designated by the same labels as those of Fig. 
1 , are the identical elements. 

[0038] The distortion of the differential amplifier of this 
embodiment is further reduced by improving the circuit 

5 of the embodiment of Fig. 1 so that the current of the 
constant current MOSFET M5 may be compensated ac- 
cording to the change in the input signal. In the circuit 
of Fig. 1 , as the input voltage lowers, the potential of the 
node N2 accordingly lowers to decrease the current of 

10 the MOSFET M5. As the input voltage rises, the poten- 
tial of the node N2 accordingly rises to increase the cur- 
rent of the MOSFET M5. In the circuit of Fig. 4, therefore, 
the bias circuit BIAS is so improved that the gate voltage 
of the MOSFET M5 is raised or lowered to compensate 

15 the current increase or decrease of the aforementioned 
MOSFET M5 so that the current may be held at a con- 
stant value. 

[0039] Specifically, to the constant current MOSFET 
M5 of the differential amplifier OTA, there is connected 

20 in a current mirror manner a MOSFET MB11 which is 
disposed in the bias circuit BIAS. To the MOSFET MB1 
fed with a current according to the control voltage Vc, 
and also to the MOSFET MB4, there is connected in a 
current-mirror manner MOSFETs MB5, MB6 and MB7 

25 which are connected in series between the supply volt- 
age VDD and the ground potential. 
[0040] Between the MOSFETs MB2 and MB4 con- 
nected in series between the supply voltage VDD and 
the ground potential, there is connected a MOSFET 

30 MB3 adapted to receive the input signal at its gate ter- 
minal. To the MOSFET MB2, moreover, there is con- 
nected in a current mirror manner a MOSFET MB8 
whose source terminal is connected to the supply volt- 
age VDD. Between the drain terminal of the MOSFET 

35 MB8 and the ground potential, there is connected a 
MOSFET MB9 which is connected in a current mirror 
manner to the aforementioned MOSFET MB6. To the 
drain terminal of the MOSFET MB8, there is connected 
the gate terminal of a MOSFET MB10 which is connect- 

40 ed in series to the MOSFET MB11 . 

[0041] In Fig. 5 showing the third embodiment, the el- 
ements designated by the same labels as those of Fig. 
4, are the identical elements. 
[0042] Next, will be described the portions different 

45 from those of the circuit of Fig. 4. 

[0043] In the third embodiment, furthermore, unlike 
the second embodiment, the aforementioned MOSFET 
MB5 is connected in a current mirror manner to MOS- 
FETs MB12 and MB15. Between the drain terminal of 

so the MOSFET MB12 of the two and the ground potential, 
there are connected in series a MOSFET MB13 whose 
gate terminal receives the source voltage of the MOS- 
FET MB3, and a diode-connected MOSFET MB14. Be- 
tween the drain terminal of the MOSFET MB15 and the 

55 ground potential, there are connected in series diode- 
connected MOSFETs MB1 6 and MB1 7 which form a se- 
ries of MOSFETs in contrast to the series of the MOS- 
FETs MB5, MB6 and MB7. 
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[0044] To the MOSFET MB16, furthermore, there is 
connected in a current mirror manner the MOSFET 
MB1 8, of the MOSFETs MB18 and MB1 9 which are con- 
nected in series between the supply voltage VDD and 
the ground potential. The MOSFET MB19 is connected 
in a current mirror manner to the MOSFET MB1 4. To the 
connecting nodes of these MOSFETs MB18 and MB19, 
there is connected the gate terminal of a MOSFET 
MB20. Between the drain terminal of the MOSFET 
MB20 and the supply voltage VDD, there is connected 
, a diode-connected MOSFET MB21 , to which is connect- 
ed in to current mirror manner the constant current type 
load MOSFETs M1 and M2 of the differential amplifier. 
[0045] With reference to Fig. 6, here will be described 
the current compensating operation on the side of the 
constant current MOSFET M5 by the bias circuit. 
[0046] In this embodiment, the bias circuit is equipped 
with a monitor terminal MT for an input signal Bin, to 
which is connected the gate terminal of the MOSFET 
MB3 through which a constant current is made to flow 
by the constant current MOSFET MB4. As a result, the 
MOSFET MB3 acts as a pseudo input MOSFET, and 
the source voltage changes with the change of the input 
signal Bin like the potential of the node N2 of the differ- 
ential amplifier (like the drain voltage of the constant cur- 
rent MOSFET M5). For example, when the input signal 
Bin rises, the source voltage of the MOSFET MB3 rises 
to increase the current flowing through the MOSFET 
MB2 connected to the drain side. Hence, the current of 
the MOSFET MB8 connected in a current mirror manner 
to the MOSFET MB2 is increased to increase the current 
flowing through the MOSFET MB9. 
[0047] On the other hand, since a constant voltage is 
always applied to the MOSFET MB9 by the MOSFET 
MB6, the gate-source voltage Vgs rises to raise the gate 
voltage of the MOSFET MBIO when the current of the 
MOSFET MB8 increases. As a result, the currents flow- 
ing through the MOSFET MB10 and the MOSFET MB11 
connected to the gate side of the MOSFET MB10 de- 
crease, and the current flowing through the MOSFET 
MS connected in a current mirror manner to the MOS- 
FET MB11 also decreases, so that the current flowing 
through the MOSFET M5, which tends to increase with 
the rise of the potential of the node N2 by the channel 
length modulation effect, can be compensated. When 
the input signal Bin drops, on the contrary, the bias cir- 
cuit operates to increase the current through the MOS- 
FET M5, which tends to decrease by the effect of the 
potential at the node N2. 

[0048] The current compensation of the constant cur- 
rent type load MOSFETs M1 and M2 of the embodiment 
of Fig. 5 are substantially similar to the aforementioned 
ones except that the potential relation is reverse. The 
MOSFETs MB12 and MB15 correspond to the MOS- 
FETs MB4 and MB7; the MOSFETs MB14 nd MB19 cor- 
respond to the MOSFETs MB2 and MB8; MOSFETs 
MB18, MB20 and MB21 correspond to the MOSFETs 
MB9, MB10 and MB11; and MOSFET MB13 corre- 



sponds to the MOSFET MB3, respectively. A potential, 
which is lower by the voltage Vth of the MOSFET MB3 
than the input signal Bin, is applied as a monitor input 
to the gate terminal of the MOSFET MB1 3 to widen the 

5 operating range of the MOSFET MB13. 

[0049] Consequently, in the bias circuit of Fig. 5, for 
example, the gate voltage of the MOSFET MB13 rises, 
as the input signal Bin rises, reducing the current flowing 
through the MOSFET MB 14 connected to the drain side 

10 of the MOSFET MB13. As a result, the current flowing 
through the MOSFET MB19 connected in a current mir- 
ror manner to the MOSFET MB14 decreases to reduce 
the current flowing through the MOSFET MB18. 
[0050] With a decrease in the current flowing through 

15 the MOSFET MB1 9, the gate-source voltage Vgs of the 
MOSFET MB18 drops, but the gate voltage of the MOS- 
FET MB20 rises. Thereby, the currents flowing through 
the MOSFET MB20 and the MOSFET MB21 connected 
to the drain side of the former are increased to augment 

20 the currents flowing through the MOSFETs M1 and M2 
connected in a current mirror manner to the MOSFET 
MB21, and thus the currents flowing through the MOS- 
FETs M1 and M2, which tends to decrease by the chan- 
nel length modulation effect due to the rises of the output 

25 voltages out- and out+, can be compensated. When the 
input signal Bin drops, on the contrary, the bias circuit 
operates to decrease the current flowing through the 
MOSFETs M1 and M2, which tends to increase with the 
drops of the output voltages out- and out+. 

30 [0051] in the bias circuit, as has been described 
above, the drain voltage of the MOSFET MB4 is fluctu- 
ated as at the drain of the constant current MOSFET 
M5, and the current fluctuation is transmitted from the 
MOSFET MB2 to the MOSFET MB8 by making use of 

35 the current mirror circuit. At the same time, the MOSFET 
MB9 is biased by a constant voltage. As a result, the 
potential at the source of the MOSFET MB9, i.e., at the 
gate of the MOSFET MB10 is reversely fluctuated by 
the current fluctuation due to the drain fluctuation of the 

40 MOSFET MB4 and is fed through the MOSFET MB11 
to the gate of the constant current MOSFET M5. 
[0052] As a result, the current fluctuation of the con- 
stant current MOSFET M5 by the bias circuit is reduced 
to 0.2%. The distortion in the primary filter, to which is 

45 applied the differential amplifier of Fig. 5 of which the 
currents of the constant current type load MOSFETs M1 
and M2 can be also improved to 0.024%. 
[0053] Fig. 7 shows another embodiment of the Gm 
controllable differential amplifier which is suited for use 

50 in the OTA-C filter. The differential amplifier of Fig. 7 is 
improved that a differential amplifier having an excellent 
Gm linearity, as called cross-couple type, is suited for 
an OTA-C filter. 

[0054] A cross-couple type differential amplifier is 
55 such that the drains of two pairs of MOSFETs Q1 , Q2, 
and Q3, Q4 whose sources are commonly connected 
are commonly cross-connected to each other, constant 
current source IO are connected to the common drains 



13 



EP0 663 719B1 



14 



respectively, ahd signals whose dc levels are different 
by VB are fed to the gates of the MOSFETs Q1 , Q3, and 
Q2, Q4. Thus, the differential amplifier of this type is 
characterized in that the transconductance Gm is not 
dependent upon the current ICO. As a result, if the W/L 
(the ratio of the gate width to the gate length) of the 
MOSFETs constituting the constant current sources ICO 
connected to the common sources is designed in ad- 
vance to a large value, no distortion can be generated 
even when the output current lout increases by a high- 
frequency input. 

[0055] In the cross-couple type differential amplifier, 
however, the gate voltages of the MOSFETs Q1 , Q2, Q3 
and Q4 fluctuate with the fluctuation of the threshold 
voltage of the VB generating MOSFETs, and thereby the 
input amplitude at which all the MOSFETs saturatedly 
operate decrease. So the cross-couple type differential 
amplifier is not suitable for a low-voltage filter. 
[0056] In the cross-couple type differential amplifier of 
the embodiment of Fig. 7, at the preceding stages of the 
differential MOSFETs Q1 , Q2, Q3 and Q4, there are pro- 
vided level shifting MOSFETs Q5, Q6, Q7 and Q8 which 
are diode-connected. The input signals are shifted up 
by the source-follower type input MOSFETs Q11 and 
Q12, then shifted down by the MOSFETs of the same 
characteristics, and inputted to the differential MOS- 
FETs Q1.Q2, Q3 and Q4. 

[0057] Namely, the source voltage of the MOSFET 
Q11 (Q12) to the gate of which an input signal Bin+ (or 
Bin-) is fed is inputted to the source terminals of the di- 
ode connected MOSFETs Q5 and Q6 (Q7 and Q8), the 
outputs of which are extracted from their gate terminals 
and inputted to the gate electrodes of the differential 
MOSFETs Q1 and Q2 (Q3 and Q4). In the circuit of this 
embodiment, the difference between the lowered levels 
of the MOSFETs Q5 and Q6 and the difference between 
the lowered levels of the MOSFETs Q7 and Q8 are both 
set to the aforementioned voltage VB. 
[0058] Constant current sources are respectively con- 
nected to the input MOSFETs Q11 and Q12 and the di- 
ode-connected MOSFETs Q5, Q6, Q7 and Q8, of which 
the MOSFETs Q5 and Q7, and Q11 and Q12 are con- 
nected to a constant current source 11 for supplying an 
equal current whereas the MOSFETs Q6 and Q8 are 
connected to a variable constant current source IC. In 
the differential amplifier of this embodiment, therefore, 
the input potential difference VB can be controlled to 
change the transconductance Gm by adjusting the cur- 
rent of the variable constant current source IC. 
[0059] In this embodiment, on the other hand, the 
MOSFETs Q5 and Q6 (or Q7 and Q8) are of the source 
input type and have low impedances. Hence, the cur- 
rents mutually flow between the MOSFETs Q11 (Q12), 
and Q5, Q6 (Q7, Q8) so that an expected current will 
not necessarily flow. In the embodiment, therefore, the 
currents flowing through the individual MOSFETs can 
be ensured by providing constant current sources to re- 
spective source and drain terminals of the MOSFETs 



Q11 (Q12), and Q5, Q6 (Q7, Q8). 
[0060] In the embodiment of Fig. 7, the distortion can 
be further reduced by using the current compensation 
type bias circuit shown in Fig. 4 as the bias circuit for 

5 the variable constant current source IC or the constant 
current sources 10, 11 and ICO. In the embodiment, 
moreover, the differential MOSFETs Q1 , Q2, Q3 and Q4 
are of the N-channel type, and the input MOSFETs Q1 1 
and Q12 and the level shirting MOSFETs Q5, Q6, Q7 

10 and Q8 are of the P-channel type. However, they can 
be constituted of MOSFETs of opposite conductivity 
type. 

[0061] The aforementioned constant current sources 
11 and 10 and the variable constant current source IC 

15 can be each constructed of a single MOSFET. 

[0062] Fig. 8 shows an example of the bias circuit for 
generating the respective gate bias voltages of the cur- 
rent sources 11 , 10 and variable constant current sources 
IC, in cases where they each comprise one MOSFET. 

20 [0063] Moreover, the constant current sources con- 
nected to the sources of the MOSFETs Q5, Q11 (Q7, 
Q12) may be made common to each other. Likewise, 
the constant current sources connected to the drains of 
the MOSFETs Q5, Q11 (Q7, Q12) may be made com- 

25 mon to each other. 

[0064] In Fig. 8, labels BIAS2 designates a bias circuit 
for generating bias voltages Vc1 and Vc1 * for the current 
sources 11 and 10, and BIAS1 designates a bias circuit 
for generating bias voltages Vc2 and Vc2' for the varia- 

30 ble constant current source IC. These bias circuits have 
the same structure as that of the bias circuit BIAS in the 
embodiment of Fig. 5, and the variation of the current 
due to the channel length modulation effect can be com- 
pensated. In Fig. 8, the elements having the same func- 

35 tions as those of the elements composing the bias circuit 
BIAS of the embodiment of Fig. 5 are designated by the 
same labels, and their detailed description will be omit- 
ted. 

[0065] Incidentally, the control of the transconduct- 

40 ance Gm is accomplished by adjusting the voltage ap- 
plied to the control terminal of the bias circuit BIAS1. 
The constant voltage Vg is applied to the control termi- 
nal of the bias circuit BIAS2 so that the bias circuit BIAS2 
performs only the compensation of the current variation 

45 due to the channel length modulation effect. 

[0066] Here will be described an embodiment in which 
the control voltage Vc for automatically adjusting the 
transconductance Gm of the amplifier varying with tem- 
perature variation and production variation to a desired 

50 value can be automatically produced. 

[0067] As shown in Fig. 9, this embodiment includes 
an OTA-C filter ( referred to as master filter) 1 0 used pri- 
marily in a signal processing system, a monitoring filter 
(hereinafter referred to a slave filter) 20 for monitoring 

55 a reference signal Vi having a desired frequency, and a 
phase difference detecting/adjusting circuit 30 for de- 
tecting the phase difference between the output Vo of 
the slave filter 20 and the reference signal Vi to generate 
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a feedback signal. This adjusting circuit 30 generates a 
feedback signal for adjusting the cut-off frequency fc of 
the slave filter 20 to a desired value by performing a 
feedback so that the phase difference may become a 
desired value (45 degrees). The feedback signal is fed 
as the Gm-controlling control voltage Vc of the master 
filter 10 to the master filter 10. 
[0068] In this embodiment, the slave filter 20 compris- 
es an OTA having the same structure as that of the OTA 
(a Gm-controllable amplifier) constituting the master fil- 
ter 10. Thanks to a feature of a semiconductor integrat- 
ed circuit that the production variations of the transcon- 
ductance Gm, the temperature characteristics and the 
capacitance are substantially identical in one semicon- 
ductor chip, the cut-off frequency fc of the master filter 
10 can be equalized to a desired frequency, i.e., the cut- 
off frequency fc of the slave filter 20. 
[0069] Fig. 10 shows a specific circuit example of the 
control voltage generator comprising the slave filter 20 
and the phase difference detecting/adjusting circuit 30. 
[0070] The control voltage generator of this embodi- 
ments makes use of the fact that the phase delay of the 
primary low-pass filter is 45 degrees at the cut-off fre- 
quency fc defined by the frequency when the gain is -3 
dB (see Fig. 17). That is, the control voltage generator 
generates the feedback signal (Vc) so that the phase 
difference becomes 45 degrees by inputting the refer- 
ence signal having a desired frequency to the slave filter 
20 comprising an OTA 21 and a capacitor 22 and by 
detecting the phase difference between the output Vo 
of the slave filter 20 and the reference signal Vi by the 
phase difference detecting/adjusting circuit 30. 
[0071] In this embodiment, therefore, the phase dif- 
ference detecting/adjusting circuit 30 comprises compa- 
rators 31 nd 32 for converting the output Vo of the slave 
filter 20 and the reference signal Vi to rectangular waves 
(pulses), an exclusive OR gate 33 for receiving those 
output pulses to produce pulses Vd having a duty ratio 
corresponding to the phase difference of the output 
pulses, and an integrator (an OTA 34 and a capacitor 
35) for integrating the difference between the output 
pulses Vd and an ideal pulse signal Vr having a duty 
ratio of 25%. 

[0072] In the control voltage generator of this embod- 
iment, if the cut-off frequency fc of the slave filter 20 is 
equal to the frequency fi (i.e., fc = fi) of the reference 
signal Vi, the phase of the output Vo of the slave filter 
20 will be delayed by 45 degrees, as has been described 
before. Thus, the output Vd of the EOR gate 33 has a 
waveform having a frequency which is twice the fre- 
quency of the input reference signal Vi and a duty ratio 
which is 25 %, or 1/4 of that of the input reference signal 
Vi, as shown in Fig. 11(a). 

[0073] When, on the other hand, the OTA 21 consti- 
tuting the slave filter 20 does not have a desired Gm 
value, the cut-off frequency fc fails to coincide with the 
frequency fi of the reference signal Vi so that the duty 
ratio of the output pulse Vd of the EOR gate 33 becomes 
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different from 25%. Since the difference between the 
pulse Vd and the ideal pulse signal Vr having the duty 
ratio of 25% is integrated by the integrator, the phase 
delay is small, as shown in Fig. 11(b), if fofi, so that the 

5 duty of the pulse Vd is reduced to increase the integrat- 
ed value, i.e., the output voltage (control voltage). 
[0074] If fc < fi, on the other hand, the phase delay is 
so large, as shown in Fig. 11(c), that the duty of the puls- 
es Vd is raised to decrease the integrated value, i.e., 

10 the output voltage. The transconductance Gm of the 
OTA 21 constituting the slave filter 20 is adjusted by this 
output voltage (the control voltage Vc). Negative feed- 
back is so applied that the cut-off frequency fc of the 
slave filter 20 is raised when the control voltage Vc 

15 drops, but lowered when the control voltage Vc rises. 
As a result, in a steady state, an automatic adjustment 
is made to maintain fc = fi. Since this control voltage Vc 
is also fed to the master filter 10, the cut-off frequency 
fc of the master filter 1 0 is also controlled to the frequen- 
ce cy fi of the reference sig nal Vi . Moreover, the cut-off f re- 
quency after the automatic adjustment can be arbitrarily 
set by changing the duty ratio of the ideal pulse signal Vr. 
[0075] In the control voltage generator of this embod- 
iment, in order to stabilize the output voltage Vc, it is 

25 necessary to make the time constant of the integrator 
larger than that of the slave filter 20. However, the quick- 
er convergence to the steady state can be achieved for 
the smaller time constant of the integrator. In this em- 
bodiment, therefore, the transconductance Gm of the 

30 OTA 34 can be increased during the transition to lower 
the constant of the integrator but is decreased after the 
transition to raise the constant of the integrator by con- 
trolling the control voltage Vc2 of the OTA 34 constitut- 
ing the integrator. 

35 [0076] Incidentally, in cases where a plurality of signal 
processing systems, i.e., two or more master filters are 
provided on a single semiconductor chip, a control volt- 
age generator of the embodiment can be provided com- 
monly for the two master filters thereby to feed the con- 

40 trol voltage Vc from one control voltage generator to 
each of the master filters. 

[0077] Since only a single integrator is provided in the 
loop, the control voltage generator of this embodiment 
has an advantage that the system operation is stabi- 

45 lized. The generator has also another advantage that 
the integrated value is constant, as shown in Fig. 11(d), 
not influencing upon the accuracy even if the OTAs 21 
and 34 and the comparators 31 and 32 are offset. 
[0078] Fig. 12 shows another embodiment of the 

50 OTA-C filter according to the present invention. The 
OTA-C filter shown in Fig. 1 2 is formed on a single sem- 
iconductor substrate. 

[0079] The filter circuit of Fig. 12 is an application of 
the present invention to a ternary Butterworth low-pass 
55 filter. In Fig. 12, each of the OTA1, OTA2 and OTA3 is 
a Gm-controllable differential amplifier having the same 
circuit structure as that of the differential amplifying 
stage OTA shown in Fig. 5. In each OTA, a bias voltage 
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VGtf for the Constant current MOSFET M5 and a bias 
voltage VGP for the MOSFETs M1 and M2 are fed from 
the common current compensation type bias circuit BI- 
AS. The inverted output terminals of the differential am- 
plifying stage OTA1 and OTA2 are connected to the in- 
put terminal Vin having a low impedance, and the invert- 
ed output terminal of the differential amplifying stage 
OTA3 is connected to the input terminal of the OTA3 
having a low impedance. 

[0080] Incidentally, the filter circuit of Fig. 1 2 is a fur- 
ther improvement over the OTA-C filter in which resis- 
tors R1 , R2 and R3 in the Sallen-Key type low-pass filter 
shown in Fig. 14 are replaced by OTAs (a Gm-control- 
lable differential amplifiers). 

[0081] In other words, the circuit, as shown in Fig. 15 
is obtained, when the resistors R1, R2 and R3 in the 
Sallen-Key type filter shown in Fig. 14 are merely re- 
placed by OTAs. Here, the reason why the resistor R2 
is replaced by two OTAs is that an amplifier OTA2 for 
charging/discharging a capacitor C 1 and an amplifier 
OTA4 for charging/discharging a capacitor C 2 are re- 
quired because there are two cases where through the 
resistor R2, a current ^ for charging the capacitor 
and a current l 2 for charging the capacitor C 2 flow, tt has 
been found out that an identical transmission function 
can be achieved even if the amplifier OTA of Fig. 15 is 
omitted, by selecting proper ratios of capacitances C 1f 
C 2 , and C 3 (C^ = C 2 = C 3 in the case of the ternary But- 
terworth) of the circuit of Fig. 14. Therefore, we have 
deviced an improved OTA-C filter, as the embodiment 
in Fig. 12. 

[0082] The OTA-C filter, as has been examined, uses 
a completely differential type amplifier. Since, in this 
case, a high voltage is applied between the inverting in- 
put terminal and the non-inverting input terminal, the lin- 
earity of the voltage/current conversion characteristics 
of the OTA, as it is, represents the linearity of the filter 
so that the OTA is required to have an extremely high 
linearity. In the OTA-C filter of the embodiment, on the 
contrary, a single-ended output amplifier is used, and so 
the OTA-C filter has an advantage that such an extreme- 
ly high linearly is not required of the OTA. 
[0083] Incidentally, the OTA-C filter of Fig. 12 has a 
structure such that the amplifies OTA1 , OTA2 and OTA3 
are supplied with the bias voltages VGN and VGP from 
the common current compensation type bias circuit BI- 
AS respectively, but the input voltage to the amplifier 
OTA3 is different in level from the input voltages to the 
amplifiers OTA1 and OTA2. As shown in Fig. 13, there- 
fore, there are provided the different current compensa- 
tion type bias circuits BIAS1 and BIAS2 for feeding the 
bias voltages VGN and VGP with respect to which the 
currents are compensated according to the respective 
input voltages, so that the distortion can be further re- 
duced. In this case, the bias circuit BIAS2 is fed with the 
input of the OTA3. Moreover, the bias circuits BIAS, 
BIAS1 and BIAS2 of Figs. 12 and 13 have the same 
structure as that of the bias circuit BIAS of Fig. 5. 



[0084] Fig. 16 shows a radio communication system 
as an application example of the filter circuit (low-pass 
filter) shown in Fig. 14. 

[0085] In Fig. 16, reference numeral 50 designates a 
5 voice codec connected to a microphone MP and a 
speaker SPK for effecting conversions of an audio sig- 
nal to an electric signal and of an analog signal to a dig- 
ital signal; numeral 60 designates a channel codec cir- 
cuit for performing timing sharing processing, for gener- 
ic ating and checking error correcting codes and for form- 
ing and analyzing a transmission/reception frame; and 
numeral 70 designates a modem (modulating/ demod- 
ulating circuit) for modulating/demodulating a transmit- 
ted/received signal. 
15 [0086] The voice codec 50 comprises low-pass filters 
51 and 52, an A/D converter 53, a D/A converter 54, a 
coder 55 for compressing an input audio signal, and a 
decoder 56 for expanding an audio output. Moreover, 
the modem 70 comprises low-pass filters 71 and 72, a 
20 D/A converter 73, an A/D converter 74, a modulator 75 
and a demodulator 76. The voice codec 50, channel co- 
dec circuit 60 and modem (modulator/demodulator) 70 
are formed on one semiconductor chip and integrated 
into one semiconductor integrated circuit, although not 
25 especially limited thereto. 

[0087] Incidentally, in Fig. 16, numeral 80 designates 
a high-frequency unit comprising of a power amplifier 
for transmission, a synthesizer for generating a carrier 
signal , and an adder for combining the carrier sig nal with 
30 the transmission/reception signal, and numeral 81 des- 
ignates a transmitting/receiving antenna. 
[0088] In this embodiment, as the low-pass filters 51 
and 52, and 71 and 72, the filter circuits shown in Fig. 
12 or 13 are used, and the voice codec 50 and the mo- 
35 dem 70 have therein Gm control circuits which include 
Vc generators, as shown in Fig. 10, for generating the 
control voltages Vc to control the transconductances 
Gm of the OTAs (the Gm-controllable differential ampli- 
fiers) constituting the low-pass filters 51 and 52, and 71 
40 and 72. 

[0089] Moreover, the Gm control circuit in the voice 
codec 50 is provided commonly for the low-pass filters 
51 and 52, and the Gm control circuit in the modem 70 
is provided commonly for the low-pass filters 71 and 72. 

45 Since the ratios of the capacitive elements and the re- 
sistance elements on the same semiconductor chip can 
be set relatively accurate, the transconductances of the 
OTAs and the cut-off frequencies of the filter can be ac- 
curately controlled to constants even if the Gm-control 

so circuits are commonly provided for a plurality of filter cir- 
cuits on a single chip. Moreover, an increase in the oc- 
cupied area can be suppressed by making the Gm con- 
trol circuit common, as in the embodiment. 
[0090] In the embodiments, as has been described 

55 above, the Gm-controllable amplifier used in an OTA-C 
filter has a structure that the constant voltage from the 
bias circuit is applied to the gates of the load MOSFETs 
connected to the drains of the input differential MOS- 
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FETs of the b'asic differential amplifier to cause the load 
MOSFETs to operate as constant current sources and 
the inverted output terminal of the circuit is connectd to 
the input terminals. As a result, the load MOSFETs of 
the input differential MOSFETs are made to serve as 5 
constant current sources so that the drain voltages of 
the input differential MOSFETs become independent of 
the threshold voltage of the load MOSFETs. Even if the 
supply voltage VDD is set to as low as about 1 .5 V, the 
input differential MOSFETs can be prevented from being 10 
unsaturated when the input signals rise, providing a low- 
voltage amplifier. Since, moreover, the inverted output 
terminals are coupled to the input terminals, the currents 
outputted from the inverted output terminals and flowing 
in the direction opposite to that of the current from the 15 
non-inverted output terminals can be absorbed from the 
non-inverting input terminals, to produce an effect that 
the balance of the circuit can be easily held. 
[0091] Moreover, the basic differential amplifier is 
equipped with a current compensation type bias gener- 20 
ator for generating a bias voltage according to the level 
of an input voltage monitored, and feeding the bias volt- 
age to the gates of the constant current MOSFETs of 
the basic differential amplifier so as to compensate the 
current fluctuation due to the channel length modulation 25 
effect. As a result, the bias current of the differential am- 
plifier becomes constant to raise an effect that the 
transconductance can be stabilized and the output dis- 
tortion can be reduced. 

[0092] The OTA, as described in this specification, 30 
can be deemed as a circuit for converting the input dif- 
ferential voltage to a current. In short, the OTA can be 
deemed as a differential-voltage/current converter. 
[0093] Although our invention has been specifically 
described in connection with its embodiments, it should 35 
not be limited thereto but is to be defined in accordance 
with the appended claims. Although in the foregoing em- 
bodiments, by the primary low-pass filter and the ternary 
low-pass filter are shown, the present invention can also 
be applied to a secondary low-pass filter and a quartic 40 
or higher order low-pass filter. Moreover, the present in- 
vention can be used in a band-pass filter or a high-pass 
filter. 

[0094] The effects obtained by the representative of 
the inventions disclosed herein will be briefly described 45 
in the following. 

[0095] It is possible to realize a filter circuit which op- 
erates on a low voltage with a low power consumption, 
and has a low distortion and a small frequency deviation. 
[0096] The characteristics of the OTA-C filter circuit 50 
can be relatively greatly changed, for example, by 
changing the value of the capacitive element C shown 
in Fig. 2, by changing the sizes of the MOSFETs M1 to 
M5 of the OTA shown in Fig. 1 , or by changing the both. 
In this case, the characteristics may be finely adjusted 55 
by changing the value of the control voltage Vc. In cases 
where the ease of the design is considered, it is prefer- 
able to change the value of the capacitive element C. 



The variation of the characteristics due to the production 
variation may naturally be adjusted by adjusting the con- 
trol voltage Vc. 



Claims 

1 . An analog filter circuit comprising: 

(i) a voltage/current conversion circuit having 
an inversion input node (IN"), a non-inversion 
input node (IN + ) for receiving an input voltage 
signal, an inversion output node (OUT - ) and a 
non-inversion output node (OUT + ) coupled to 
the inversion input node, 

the inversion output node of the voltage/ 
current conversion circuit being coupled to the 
non-inversion input node of the voltage/current 
conversion circuit, the voltage/current conver- 
sion circuit having a first differential MOSFET 
(M3, Q3) having a source, a drain providing a 
first output signal to the inversion output node 
and a gate, a second differential MOSFET (M4, 
Q4) having a source, a drain providing a second 
output signal to the non-inversion output node 
and a gate, a current source (M5, ICO) connect- 
ed to the source of said first differential MOS- 
FET (M3, Q3), a first current circuit (M1, IO) 
connected between a power supply terminal to 
which a predetermined voltage is applied and 
the drain of said first differential MOSFET (M3, 
Q3); 

and a second current circuit (M2, IO) con- 
nected between said power supply terminal 
and the drain of said second differential MOS- 
FET (M4, Q4); and 

(ii) a capacitance circuit (C) connected to the 
non-inversion output node of said voltage/cur- 
rent conversion circuit; and characterised in 
that: 

(iii) a control circuit (MB0, MB1 MBn) con- 
nected to the first current circuit (Ml, IO) and 
the second current circuit (M2, IO) of said volt- 
age/current conversion circuit, and used to de- 
termine the current values of the first and sec- 
ond current circuits (M1, IO; M2, IO); and 
wherein the gate of the first differential MOS- 
FET (M3, Q3) receives a first input signal from 
the non-inversion input node, the gate of the 
second differential MOSFET (M4, Q4) receives 
a second input signal from the inversion input 
node, and the source of the first differential 
MOSFET (M3, Q3) is connected to the source 
of the second differential MOSFET (M4, Q4). 

2. An analog filter circuit according to claim 1 , wherein 
said first current circuit is a third MOSFET (M1 ) hav- 
ing a source-drain path connected between said 
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powerterminal 'and the drain of said first MOSFET 
(M3), and a gate, 

said second current circuit is a fourth MOS- 
FET (M2) having a source-drain path connected be- 
tween said power supply terminal and the drain of 5 
said second MOSFET (M4), and a gate, and 

said control circuit (MBO, MB1 MBn) is a 

bias circuit for changing the bias voltage applied to 
the gates of said third and fourth MOSFETs (M1, 
M2) in accordance with a control signal. 10 

An analog filter circuit according to claim 1 or claim 
2, wherein 

said current source is a fifth MOSFET (M5) 
having a source-drain path connected between the is 
source of said first MOSFET (M3) and a predeter- 
mined power supply terminal, and a gate, and 

said control circuit (MBO, MB1 MBn) in- 
cludes a bias circuit for changing a bias voltage ap- 
plied to the gate of said fifth MOSFET (M5) in ac- 20 
cordance with said control signal. 

An analogue filter circuit according to any one of the 
preceding claims, wherein 

said control signal includes a signal corre- 25 
sponding to an input signal fed to the gate of said 
first MOSFET (M3), and 

said bias circuit includes a compensation cir- 
cuit for feeding the gates of said first and second 
MOSFETs (M3, M4) with a bias voltage which com- 30 
pensates the change in the source-drain currents 
of said first and second MOSFETs (M3, M4) with 
the change in the voltages at the drains of said first 
and second MOSFETs (M3, M4) due to the change 
in said input signal. 35 

An analog filter circuit according to any one of 
claims 1 to 3, wherein 

said control signal includes a signal corre- 
sponding to an input signal fed to the gate of said *o 
first MOSFET (M3), and 

said bias circuit includes a first compensation 
circuit for feeding the gates of said first and second 
MOSFETs (M3, M4) with a bias voltage which com- 
pensates the change in the source-drain currents 45 
of said first and second MOSFETs (M3, M4) with 
the change in the voltages at the drains of said first 
and second MOSFETs (M3, M4) due to the change 
in said input signal; and a second compensation cir- 
cuit (MB11) for feeding the gate of said fifth MOS- 50 
FET (M5) with a bias voltage which compensates 
the change in the source-drain current of said fifth 
MOSFET (M5) with the change in the voltage at the 
drain of the fifth MOSFET (M5) due to the change 
in said input signal. 55 

An analog filter circuit according to any one of the 
preceding claims, wherein 



said current source is a sixth MOSFET (M6) 
having a source-drain path connected between the 
source of said first MOSFET (M3) and a predeter- 
mined power supply terminal, and a gate, and 

said control circuit includes a bias circuit 
(MB21) for changing a bias voltage fed to the gate 
of said sixth MOSFET (M1 ) in accordance with said 
control signal. 

7. An analog filter circuit according-to any one of the 
preceding claims 

wherein said voltage/current conversion cir- 
cuit includes, 

a first output node for receiving an output sig- 
nal from the drain of said first MOSFET (M3); 

a second output node for receiving an output 
signal from the drain of said second MOSFET (M4) ; 

a first input node for receiving a signal fed to 
the gate of said first MOSFET (M3); 

and a second input node for receiving a signal 
fed to the gate of said second MOSFET (M4), and 

wherein said capacitance circuit (C) is con- 
nected to said second output node, and said second 
input node is connected to said second output node. 

8. An analog filter circuit formed on a setaiconductor 
substrate, comprising: 

a plurality of voltage/current conversion cir- 
cuits, 

a plurality of capacitance circuits (C) connected 
to the respective non-inversion output nodes of 
said plurality of voltage/current conversion cir- 
cuits; and 

a control circuit (MBO, MB1 MBn) is provid- 
ed common to said plurality of voltage/current 
conversion circuits, 

wherein each of said voltage/current conver- 
sion circuits includes: 

an inversion input node (IN-), a non-inversion 
input node (IN + ) for receiving an input voltage 
signal, an inversion output node (OUT-) and a 
non-inversion output node (OUT + ) coupled to 
the inversion input node, the inversion output 
node of the voltage/current conversion circuit 
being coupled to the non-inversion input node 
of the voltage/current conversion circuit, and in- 
cluding: 

a first differential MOSFET (M3, Q3) hav- 
ing a source, a drain providing a first output 
signal to the inversion output node and a 
gate; 

a second differential MOSFET (M4, Q4) 
having a source, a drain providing a sec- 
ond output signal to the non-inversion out- 
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• put node and a gate; 
a current source (M5, ICO) connected to 
the source of said first differential MOS- 
FET; 

a first current circuit (M 1 , IO) connected be- 
tween a power supply terminal to which a 
predetermined voltage is applied and the 
drain of said first differential MOSFET (M3, 
Q3); and 

a second current circuit (M2, IO) connected 
between said power supply terminal and 
the drain of said second differential MOS- 
FET (M4.Q1); 

characterised in that: 

a control circuit (MBO, MB1 MBn) is pro- 
vided common to said plurality of voltage/ 
current conversion circuits, said control cir- 
cuit (MBO, MB1 MBn) is connected to 

the first and second current circuits (M1, 
IO; M2, IO) of each of said voltage/current 
conversion circuits, and used to determine 
the current values of the first and second 
current circuits; and 

in each said voltage/current conversion cir- 
cuit, the gate of the first differential MOS- 
FET (M3, Q3) receives a first input signal 
from the non-inversion input node, the gate 
of the second differential MOSFET (M4, 
Q4) receives a second input signal from the 
inversion input node, and the source of the 
first differential MOSFET (M3, Q3) is con- 
nected to the source of the second differ- 
ential MOSFET (M4, Q4). 

9. An analog filter circuit according to claim 8, said first 
current circuit is a third MOSFET (M1) having a 
source-drain path connected between said power 
supply terminal and the drain of said first MOSFET 
(M3), and a gate, 

said second current circuit is a fourth MOS- 
FET (M2) having a source-drain path connected be- 
tween said power supply terminal and the drain of 
said second MOSFET (M4), and a gate, and 

said control circuit (MBO, MB1 MBn) is a bi- 
as circuit for changing the bias voltage fed to the 
gate of said third and fourth MOSFETs in accord- 
ance with a control signal. 

10. An analog filter circuit according to claim 9, 

wherein 

said current source is a fifth MOSFET (M5) 
having a source-drain path connected between the 
source of said first MOSFET (M3) and a predeter- 
mined power supply terminal, and a gate, and 

said control circuit (MBO, MB1 MBn) in- 
cludes a bias circuit for changing a bias voltage fed 



to the gate of said fifth MOSFET (MS) in accordance 
with said control signal. 

11. An analog filter circuit according to claim 1 formed 
5 on a single semiconductor substrate wherein said 

voltage/current conversion circuit includes: 

a third differential MOSFET (Q1) having a 
source coupled to the source of the first differ- 
to ential MOSFET (Q3), a drain coupled to the 
drain of the second differential MOSFET (Q4) 
and a gate; 

a fourth differential MOSFET (Q2) having a 
source coupled to the source of the first differ- 
15 ential MOSFET (Q3), a drain coupled to the 

drain of the first differential MOSFET (Q3) and 
a gate; 

a first level shift circuit (Q5, Q6) connected to 
the gates of said first and third differential MOS- 

20 FETs(Q3,Q1); 

a second level shift circuit (Q7, Q8) connected 
to the gates of said second and fourth differen- 
tial MOSFETs (Q4, Q2) 
a first level-up circuit (Q11 , 11 ) for raising an in- 

25 put signal received, and feeding the level-up 

signal to said first level shift circuit (Q5, Q6); 
and 

a second level-up circuit (Q12, II) for raising an 
input signal received, and feeding the level-up 
30 signal to said second level shift circuit (Q7, Q8). 

12. An analog filter circuit according to claim 11 , where- 
in 

said first level-up circuit (Q11, 11) includes a 

35 fifth MOSFET (Q11 ) for a source follower which re- 
ceives said input signal; 

said second level-up circuit (012 11) includes 
a sixth MOSFET (Q12) for a source follower which 
receives said input signal; 

40 said first level shift circuit includes seventh 

and eighth MOSFETs (Q5, Q6) having substantially 
the same characteristics as those of said fifth MOS- 
FET (Q11), said seventh MOSFET (Q5) is diode- 
connected and feeds the output of said first level- 

45 up circuit to said first differential MOSFET (Q3), and 
said eighth MOSFET (Q6) is diode-connected and 
feeds the output of said first level-up circuit to said 
third differential MOSFET (Q4), and 

said second level shift circuit includes ninth 

so and tenth MOSFETs (Q7, Q8) having substantially 
the same characteristics as those of said sixth 
MOSFET (Q12), said ninth MOSFET (Q7) is diode- 
connected and feeds the output of said second lev- 
el-up circuit to said second differential MOSFET 

55 (Q4), and said tenth MOSFET (Q8) is diode-con- 
nected and feeds the output of said second level- 
up circuit to said fourth differential MOSFET (Q2). 
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13. 'An analdg filter circuit according to claim 12, where- 
in 

said first level shift circuit further includes a 
variable current source connected to the sources of 
said seventh and eighth MOSFETs (Q5, Q6), and 5 

said second level shift circuit further includes 
a variable current source connected to the sources 
of said ninth and tenth MOSFETs (Q7, Q8). 

14. An analog filter circuit according to claim 11 , where- io 
in said analog filter circuit is a filter circuit built in an 
audio codec or modem. 

15. A semiconductor integrated circuit device formed 

on a single semiconductor substrate and including * 5 
a filter circuit, said device comprising: 

a first filter circuit (20) according to claim 1 hav- 
ing a control terminal, coupled to the control cir- 
cuit (MBO, MB1 MBn), an input terminal 20 

formed by the non-inversion input node and an 
output terminal formed by the non-inversion 
output node and having characteristics 
changed by a voltage applied to said control ter- 
minal; 25 
a phase difference detector (30) which receives 
a reference output signal (Vo) outputted from 
said first filter circuit (20) and a reference signal 
(Vi) having a predetermined frequency, when 
said reference signal is fed to the input terminal 30 
of said first filter circuit (20), and outputs a con- 
trol signal (Vc) corresponding to the phase dif- 
ference between said reference output signal 
(Vo) and said reference signal (Vi); and 
a second filter circuit (10) according to claim 1 35 
having a control terminal coupled to the control 

circuit (MBO, MB1 MBn), an input terminal 

formed by the non-inversion input node and an 
output terminal formed by the non-inversion 
output node and having characteristics *o 
changed by a voltage fed to said control termi- 
nal, 

wherein said control signal (Vc) output by said 
phase difference detector (30) is fed to the control 45 
terminals of said first and second filter circuits (10, 
20), said second filter circuit (10) being used as said 
filter circuit. 

16. A semiconductor integrated circuit device accord- so 
ing to claim 15, 

wherein said semiconductor integrated circuit 
device is an audio codec or modem. 

17. An analog filter circuit according to claim 1 , 55 

wherein said analog filter circuit is a filter cir- 
cuit built in an audio codec or modem. 



Patentanspriiche 

1 . Analogfilterschaltkreis umfassend: 

(i) einen Spannungs/Stromumwandlungs- 
schaltkreis mit einem Inversionseingangskno- 
ten (IN-), einem Nicht-lnversionseingangskno- 
ten (IN+) zum Empfangen eines Eingangs- 
spannungssignals, einem Inversionsaus- 
gangsknoten (OUT-) und einem Nicht-lnversi- 
onsausgangsknoten (OUT+), der mit dem In- 
versionseingangsknoten verschaltet ist, 

wobei der Inversionsausgangsknoten 
des Spannungs/Stromumwandlungsschalt- 
kreises mit dem Nicht-lnversionseingangskno- 
ten der Spannungs/Stromumwandlungsschalt- 
kreises verschaltet ist, wobei der Spannungs/ 
Stromumwandlungsschaltkreis 

einen ersten differentiellen MOSFET 
(M3, Q3) mit einem Source-AnschluG, einem 
ein erstes Ausgangssignal fur den Inversions- 
ausgangsknoten zur Verfugung stellenden 
Drain-Anschlufc und einem Gate-Anschluft, 

einen zweiten differentiellen MOSFET 
(M4, Q4) mit einem Source-Anschlufi, einem 
ein zweites Ausgangssignal fur den Nicht-ln- 
versionsausgangsknoten zur Verfugung stel- 
lenden Drain-Anschlufc und einem Gate-An- 
schluft, 

eine mit dem Source-AnschluR des er- 
sten differentiellen MOSFETs (M3, Q3) ver- 
schaltete Stromquelle (M5, ICO), 

einen zwischen einen Stromversor- 
gungsanschlufc, an den eine vorbestimmte 
Spannung angelegt wird, und den Drain-An- 
schlufc des ersten differentiellen MOSFETs 
(M3, Q3) geschalteten ersten Strom-Schalt- 
kreis (M1, IO); und 

einen zwischen den Stromversorgungs- 
anschluR und den Drain-AnschluR des zweiten 
differentiellen MOSFETs (M4, Q4) geschalte- 
ten zweiten Strom-Schaltkreis (M2, IO) auf- 
weist; und 

(ii) einen mit dem Nicht-lnversionsausgangs- 
knoten des Strom/Spannungsumwandlungs- 
schaltkreises verschalteten Kapazitdtsschalt- 
kreis (C); gekennzeichnet durch 

(iii) einen mit dem ersten Strom-Schaltkreis 
(M1, IO) und dem zweiten Strom-Schaltkreis 
(M2, IO) des Spannungs/Stromumwandlungs- 
schaltkreises verschalteten Steuerschaltkreis 
(MBO, MB1... MBnJzumBestimmenderStrom- 
werte des ersten und des zweiten Strom- 
Schaltkreises (M1 , IO; M2, IO), wobei der Gate- 
Anschluft des ersten differentiellen MOSFETs 
(M3, Q3) ein erstes Eingangssignal von dem 
Nicht-lnversionseingangsknoten empfdngt, 
wobei der Gate-Anschluli des zweiten differen- 
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tiell6n MOSFETs (M4, Q4) ein zweites Ein- 
gangssignal von dem Inversionseingangskno- 
ten empfangt und 

wobei der Source-Anschluli des ersten differentiel- 
len MOSFETs (M3, Q3) mit dem Source-Anschluli 
des zweiten differentiellen MOSFETs (M4, Q4) ver- 
schaltet ist. 

2. Schaitkreis nach Anspruch 1, wobei der erste 
Strom-Schaltkreis ein dritter MOSFET (M1) mit ei- 
nem zwischen den Stromanschlull und den Drain- 
Anschlufc des ersten MOSFETs (M3) geschalteten 
Source-Drain-Pfad und einem Gate-AnschluR ist, 

wobei der zweite Strom-Schaltkreis ein vierter 
MOSFET (M2) mit einem zwischen den Stromver- 
sorgungsanschluli und den Drain-AnschlufJ des 
zweiten MOSFETs (M4) geschalteten Source- 
Drain-Pfad und einem Gate-Anschluli ist, und 

wobei der Steuerschaltkreis (MBO, MB1... 
MBn) ein Vorspannungsschaltkreis zum Andern der 
Vorspannung, die an den Gate-Anschlussen des 
dritten und des vierten MOSFETs (M1, M2) anliegt, 
in Ubereinstimmung mit einem Steuersignal ist. 

3. Schaitkreis nach Anspruch 1 oder 2, wobei die 
Stromquelle ein funfter MOSFET (M5) mit einem 
zwischen den Source-Anschlufi des ersten MOS- 
FETs (M3) und einen vorbestimmten Stromversor- 
gungsanschlufl geschalteten Source-Drain-Pfad 
und einem Gate-AnschluR ist, und 

wobei der Steuerschaltkreis (MBO, MB1... 
MBn) einen Vorspannungsschaltkreis zum Andern 
der Vorspannung, die an dem Gate-Anschluft des 
ftlnften MOSFETs (M5) anliegt, in Clbereinstim- 
mung mit dem Steuersignal beinhaltet. 

4. Schaitkreis nach einem der vorhergehenden An- 
sprQche, wobei das Steuersignal ein Signal be- 
inhaltet, das einem am Gate-AnschluR des ersten 
MOSFETs (M3) eingespeisten Eingangssignal zu- 
gehort, und 

wobei der Vorspannungsschaltkreis einen 
Kompensationsschaltkreis zum Speisen der Gate- 
Anschlusse des ersten und des zweiten MOSFETs 
(M3, M4) mit einer Vorspannung, die die Anderung 
in den Source-Drain-Str6men des ersten und des 
zweiten MOSFETs (M3, M4) durch die Anderung in 
den Spannungen an den Drain-Anschlussen des 
ersten und des zweiten MOSFETs (M3, M4) auf- 
grund der Anderung im Eingangssignal kompen- 
siert, beinhaltet. 

5. Schaitkreis nach einem der Anspruche 1 bis 3, wo- 
bei das Steuersignal ein Signal beinhaltet, das zu 
einem am Gate-Anschluli des ersten MOSFETs 
(M3) eingespeisten Eingangssignal geh6rt, und 

wobei der Vorspannungsschaltkreis einen er- 



sten Kompensationsschaltkreis zum Speisen der 
Gate-Anschlusse des ersten und des zweiten MOS- 
FETs (M3, M4) mit einer Vorspannung, die die An- 
derung in den Source-Drain-Stromen des ersten 

5 und des zweiten MOSFETs (M3, M4) durch die An- 
derung in den Spannungen an den Drain-AnschlOs- 
sen des ersten und des zweiten MOSFETs (M3, M4) 
aufgrund der Anderung im Eingangssignal kompen- 
siert, und einen zweiten Kompensationsschaltkreis 

10 (MB11) zum Speisen des Gate-Anschlusses des 
funften MOSFETs (M5) mit einer Vorspannung, die 
die Anderung im Source-Drain-Strom des funften 
MOSFETs (M5) durch die Anderung in der Span- 
nung am Drain-AnschlulJ des funften MOSFETs 

15 (M5) aufgrund der Anderung im Eingangssignal 
kompensiert, beinhaltet. 

6. Schaitkreis nach einem der vorhergehenden An- 
spruche, wobei die Stromquelle ein sechster MOS- 

20 FET (M6) mit einem zwischen dem Source-An- 
schlufl des ersten MOSFETs (M3) und einem vor- 
bestimmten Stromversorgungsanschluft geschal- 
teten Source-Drain-Pfad und einem Gate-Anschlufc 
ist, und 

25 wobei der Steuerschaltkreis einen Vorspan- 

nungsschaltkreis (MB21 ) zum Andern einer am Ga- 
te-Anschlufc des sechsten MOSFETs (M1) einge- 
speisten Vorspannung in Obereinstimmung mit 
dem Steuersignal beinhaltet. 

30 

7. Schaitkreis nach einem der vorhergehenden An- 
spruche, wobei der Spannungs/Stromumwand- 
lungsschaltkreis beinhaltet: 

35 einen ersten Ausgangsknoten zum Empfangen 

eines Ausgangssignals vom Drain-Anschluli 
des ersten MOSFETs (M3); 
einen zweiten Ausgangsknoten zum Empfan- 
gen eines Ausgangssignals vom Drain-An- 

40 schluli des zweiten MOSFETs (M4); 

einen ersten Eingangsknoten zum Empfangen 
eines am Gate-Anschluli des ersten MOSFETs 
(M3) eingespeisten Signals; 
einen zweiten Eingangsknoten zum Empfan- 

45 gen eines am Gate-Anschluli des zweiten 

MOSFETs (M4) eingespeisten Signals, 

wobei der Kapazitatsschaltkreis (C) mit dem 
zweiten Ausgangsknoten, und der zweite Ein- 
50 gangsknoten mit dem zweiten Ausgangsknoten 
verschaltet ist. 

8. Analogfilterschaltkreis, ausgebildet auf einem 
Halbleitersubstrat und umfassend: 

55 

eine Vielzahl von Spannungs/Stromumwand- 
lungsschaltkreisen, 

eine Vielzahl von mit den jeweiligen Nicht-ln- 
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verslonsatisgangsknoten der Vielzahl von 
Strom/Spannungsumwandlungsschaltkreisen 
verschalteten Kapazitatsschaltkreisen (C); und 
einen gemeinsam fur die Vielzahl von Strom/ 
Spannungsumwandlungsschaltkreisen zur 
VerfQgung gestellten Steuerschaltkreis (MBO, 
MB1...MBn), 

wobei ein jeweiliger Spannungs/Stromum- 
wandlungsschaltkreis beinhaltet: 

einen Inversionseingangsknoten (IN-), einen 
Nicht-lnversionseingangsknoten (IN+) zum Emp- 
fangen eines Eingangsspannungssignals, einen In- 
versionsausgangsknoten (OUT-) und einen Nicht- 
Inversionsausgangsknoten (OUT+), der mit dem In- 
versionseingangsknoten verschaltet ist, wobei der 
Inversionsausgangsknoten des Spannungs/ 
Stromumwandlungsschaltkreises mit dem Nicht-ln- 
versionseingangsknoten des Spannungs/ 
Stromumwandlungsschaltkreises verschaltet ist, 

und beinhaltet: 

einen ersten differentiellen MOSFET (M3, Q3) 
mit einem Source-AnschluR, einem dem Inver- 
sionsausgangsknoten ein erstes Ausgangssi- 
gnal zur Verfugung stellenden Drain-AnschluR 
und einem Gate-AnschluR; 
einen zweiten differentiellen MOSFET (M4, 
Q4) mit einem Source-AnschluR, einem dem 
Nicht-lnversionsausgangsknoten ein zweites 
Ausgangssignal zur Verfugung stellenden 
Drain-AnschluR und einem Gate-AnschluR; 
eine mit dem Source-AnschluR des ersten dif- 
ferentiellen MOSFETs verschaltete Stromquel- 
le (M5, ICO); 

einen zwischen einen Stromversorgungsan- 
schluR, an den eine vorbestimmte Spannung 
angelegt wird, und den Drain-AnschluR des er- 
sten differentiellen MOSFETs (M3, Q3) ge- 
schalteten ersten Strom-Schaltkreis (M1 , 10); 
und 

einen zwischen den Stromversorgungsan- 
schluR und den Drain-AnschluR des zweiten 
differentiellen MOSFETs (M4, Q1) geschalte- 
ten zweiten Strom-Schaltkreis (M2, 10); 

dadurch gekennzeichnet, daft 

ein Steuerschaltkreis (MBO, MB1...MBn) ge- 
meinsam fur die Vielzahl von Spannungs/Stromum- 
wandlungsschaltkreisen zur VerfQgung gestellt ist, 
wobei der Steuerschaltkreis (MBO, MB1 ... MBn) mit 
dem ersten und dem zweiten Stromschaltkreis (M1 , 
10; M2, 10) eines jeweiligen Spannungs/Stromum- 
wandlungsschaltkreises verschaltet ist, urn die 
Stromwerte des ersten und des zweiten Strom- 
schaltkreises zu bestimmen; und 

wobei in einem jeweiligen Spannungs/ 
Stromumwandlungsschaltkreis der Gate-AnschluR 



des ersten differentiellen MOSFETs (M3, Q3) ein er- 
stes Eingangssignal von dem Nicht-lnversionsein- 
gangsknoten erhait, der Gate-AnschluR des zwei- 
ten differentiellen MOSFETs (M4, Q4) ein zweites 
5 Eingangssignal von dem Inversionseingangskno- 
ten empfangt und der Source-AnschluR des ersten 
differentiellen MOSFETs (M3, Q3) mit dem Source- 
AnschluR des zweiten differentiellen MOSFETs 
(M4, Q4) verschaltet ist. 

10 

9. Schaltkreis nach Anspruch 8, wobei der erste 
Strom-Schaltkreis ein dritter MOSFET (M1) mit ei- 
nem zwischen den StromversorgungsanschluR und 
den Drain-AnschluR des ersten MOSFETs (M3) ge- 

15 schalteten Source-Drain-Pfad und einem Gate-An- 
schluR ist, 

wobei der zweite Strom-Schaltkreis ein vierter 
MOSFET (M2) mit einem zwischen den Stromver- 
sorgungsanschluR und den Drain-AnschluR des 

20 zweiten MOSFETs (M4) geschalteten Source- 
Drain-Pfad und einem Gate-AnschluR ist, und 

wobei der Steuerschaltkreis (MBO, MB1 

MBn) ein Vorspannungsschaltkreiszum Andern der 
am Gate-AnschluR des dritten und des vierten 

25 MOSFETs eingespeisten Vorspannung in Oberein- 
stimmung mit einem Steuersignal ist. 

10. Schaltkreis nach Anspruch 9, wobei die Stromquel- 
le ein funfter MOSFET (M5) mit einem zwischen 

30 den Source-AnschluR des ersten MOSFETs (M3) 
und einen vorbestimmten Stormversorgungsan- 
schluR geschalteten Source-Drain-Pfad und einem 
Gate-AnschluR ist und 

wobei der Steuerschaltkreis (MBO, MB1 

35 MBn) einen Vorspannungsschaltkreis zum Andem 
einer am Gate-AnschluR des funften MOSFETs 
(M5) eingespeisten Vorspannung in Obereinstim- 
mung mit dem Steuersignal beinhaltet. 

40 11. Schaltkreis nach Anspruch 1, ausgebildet auf ei- 
nem einzelnen Halbleitersubstrat, wobei der Span- 
nungs/Stromumwandlungsschaltkreis beinhaltet: 

einen dritten differentiellen MOSFET (Q1) mit 
45 einem mit dem Source-AnschluR des ersten 

differentiellen MOSFETs (Q3) verschalteten 
Source-AnschluR, einem mit dem Drain-An- 
schluR des zweiten differentiellen MOSFETs 
(Q4) verschalteten Drain-AnschluR und einem 
50 Gate-AnschluR; 

einen vierten differentiellen MOSFET (Q2) mit 
einem mit dem Source-AnschluR des ersten 
differentiellen MOSFETs (Q3) verschalteten 
Source-AnschluR, einem mit dem Drain-An- 
55 schluR des ersten differentiellen MOSFETs 

(Q3) verschalteten Drain-AnschluR und einem 
Gate-AnschluR; 

einen ersten Pegelverschiebungsschaltkreis 
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(Q5,' Q6), 'der mit den Gate-Anschlussen des 
ersten und des dritten differentiellen MOSFETs 
(Q3, Q1) verschaltet ist; 
einen zweiten Pegelverschiebungsschaltkreis 
(Q7, Q8), der mit den Gate-Anschlussen des 5 
zweiten und des vierten differentiellen MOS- 
FETs (Q4, Q2) verschaltet ist; 
einen ersten Pegelerhahungschaltkreis (Q11, 
11) zum Erhohen eines empfangenen Ein- 
gangssignals und zum Einspeisen des Pegel- 10 
erhohungssignals am ersten Pegelverschie- 
bungsschaltkreis (Q5, Q6); und 
einen zweiten Pegelerhohungschaltkreis (Q12, 
11) zum Erhohen eines empfangenen Ein- 
gangssignals und zum Einspeisen des Pegel- 15 
erhohungssignals am zweiten Pegelverschie- 
bungsschaltkreis (Q7, Q8). 

12. Schaltkreis nach Anspruch 11, wobei der erste Pe- 
gelerhohungschaltkreis (Q11, 11) einen funften 20 
MOSFET (Q11) fur einen Sourcefolger beinhaltet, 
der das Eingangssignal empfangt; 

der zweite Pegelerhohungschaltkreis (Q12, 
11) einen sechsten MOSFET (Q12) fur einen 
Sourcefolger beinhaltet, der ein Eingangssignal 25 
empfangt; 

wobei der erste Pegelverschiebungsschalt- 
kreis einen siebten und einen achten MOSFET (Q5, 
Q6) mit im wesentlichen gleichen Charakteristika 
wie denen des funften MOSFETs (Q1 1 ) beinhaltet, 30 
wobei der siebte MOSFET (Q5) diodengeschaltet 
ist und die Ausgabe des ersten Pegelerhohungs- 
schaltkreises dem ersten differentiellen MOSFETs 
(Q3) einspeist, und wobei der achte MOSFET (Q6) 
diodengeschaltet ist und die Ausgabe des ersten 35 
Pegelerhdhungsschaltkreises dem dritten differen- 
tiellen MOSFET (Q4) einspeist und 

wobei der zweite Pegelverschiebungsschalt- 
kreis einen neunten und einen zehnten MOSFET 
(Q7, Q8) mit im wesentlichen gleichen Charakteri- 40 
stika wie denen des sechsten MOSFETs (Q12) be- 
inhaltet, wobei der neunte MOSFET (Q7) dioden- 
geschaltet ist und die Ausgabe des zweiten Pegel- 
erhdhungsschaltkreises dem zweiten differentiellen 
MOSFET (Q4) einspeist, und wobei der zehnte 45 
MOSFET (Q8) diodengeschaltet ist und die Ausga- 
be des zweiten Pegelerhdhungsschaltkreises dem 
vierten differentiellen MOSFET (Q2) einspeist. 

13. Schaltkreis nach Anspruch 12, wobei der erste Pe- so 
gelverschiebungsschaltkreis weiterhin eine mit den 
Source-AnschlQssen des siebten und des achten 
MOSFETs (Q5, Q6) verschaltete variable Strom- 
quelie beinhaltet, und 

wobei der zweite Pegelverschiebungsschalt- 55 
kreis weiterhin eine mit den Source-Anschlussen 
des neunten und des zehnten MOSFETs (Q7, Q8) 
verschaltete variable Stromquelle beinhaltet. 



14. Schaltkreis nach Anspruch 11 , wobei der Analogfil- 
terschaltkreis in einen Audiocodec oder ein Modem 
eingebaut ist. 

15. Integrierte Halbleiter-Schaltkreisvonrichtung, aus- 
gebildetauf einem einzelnen Halbleitersubstrat und 
beinhaltend einen Filterschaltkreis, wobei die Vor- 
richtung umfafit: 

einen ersten Filterschaltkreis (20) nach An- 
spruch 1 mit einem Steueranschluft, der mit 

dem Steuerschaltkreis (MBO, MB1 MBn) 

verschaltet ist, einem durch den Nicht-lnversi- 
onseingangsknoten ausgebildeten Eingangs- 
anschluli und einem durch den Nicht-lnversi- 
onsausgangsknoten ausgebildeten Ausgangs- 
anschlufc, wobei die Charakteristiken durch ei- 
ne an dem Steueranschlufi angelegte Span- 
nung anderbar sind; 

einen Phasendifferenzdetektor (30), der ein 
von dem ersten Filterschaltkreis (20) ausgege- 
benes Referenzausgangssignal (Vo) und ein 
Referenzsignal (Vi) mit einer vorbestimmten 
Frequenz empfangt, wenn das Referenzsignal 
am EingangsanschluR des ersten Filterschalt- 
kreises (20) eingespeist ist, und der ein der 
Phasendifferenz zwischen dem Referenzaus- 
gangssignal (Vo) und dem Referenzsignal (Vi) 
entsprechendes Steuersignal (Vc)ausgibt; und 
einen zweiten Filterschaltkreis (10) nach An- 
spruch 1 mit einem mit dem Steuerschaltkreis 

(MBO, MB1 MBn) verschalteten Steueran- 

schluli, einem durch den Nicht-lnversionsein- 
gangsknoten ausgebildeten Eingangsan- 
schlufi und einem durch den Nicht-lnversions- 
ausgangsknoten ausgebildeten Ausgangsan- 
schlufi, wobei die Charakteristiken durch eine 
am Steueranschluft angelegte Spannung an- 
derbar sind, 

wobei das durch den Phasendifferenzdetek- 
tor (30) ausgegebene Steuersignal (Vc) den Steu- 
eranschlussen des ersten und des zweiten Filter- 
schaltkreises (10, 20) eingespeist ist, wobei der 
zweite Filterschaltkreises (10) als besagter Filter- 
schaltkreis genutzt ist. 

16. Vorrichtung nach Anspruch 15, wobei die Vorrich- 
tung ein Audiocodec oder Modem ist. 

17. Schaltkreis nach Anspruch 1 , der in einen Audioco- 
dec oder ein Modem eingebaut ist. 



Revendications 

1 . Circuit de filtrage analogique comportant : 
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(f) uh circuit de conversion tension/courant 
ayant un noeud d'entree diversion (IN"), un 
noeud d'entree de non-inversion (IN + ) pour re- 
cevoir un signal de tension d'entree, un noeud 
de sortie d'inversion (OUT") et un noeud de sor- 
tie de non-inversion (OUT*) relie au noeud 
d'entree d'inversion, 

le noeud de sortie d'inversion du circuit 
de conversion tension/courant etant relie au 
noeud d'entree de non-inversion du circuit de 
conversion tension/courant, le circuit de con- 
version tension/courant ayant un premier tran- 
sistor m6tal-oxyde £ effet de champ (MOSFET) 
differentiel (M3, Q3) ayant une source, un drain 
fournissant un premier signal de sortie au 
noeud de sortie d'inversion et une grille, un 
deuxieme MOSFET differentiel (M4, Q4) ayant 
une source, un drain fournissant un second si- 
gnal de sortie au noeud de sortie de non-inver- 
sion et une grille, une source de courant (M5, 
ICO) relive £ la source dudit premier MOSFET 
differentiel (M3, Q3), un premier circuit eiectri- 
que (M 1t IO) monte entre une borne d'alimen- 
tation £ laquelle est appliqu£e une tension pre- 
determine et le drain dudit premier MOSFET 
differentiel (M3, Q3), 

et un second circuit electrique (M2, IO) 
monte entre ladite borne d'alimentation et iedit 
drain dudit deuxieme MOSFET differentiel (M4, 
Q4), et 

(ii) un circuit capacitif (C) relie au noeud de sor- 
tie de non-inversion dudit circuit de conversion 
tension/courant, et caracterise en ce que : 

(iii) un circuit de commande (MBO, MB1 ... 
MBn) est relie au premier circuit electrique (Ml, 
IO) et au second circuit electrique (M2, IO) dudit 
circuit de conversion tension/courant, et utilise 
pour determiner les valeurs du courant des pre- 
mier et second circuits eiectriques(M1, IO ; M2, 
IO), et dans lequel la grille du premier MOSFET 
differentiel (M3, Q3) re$oit un premier signal 
d'entree provenant du noeud d'entree de non- 
inversion, la grille du deuxieme MOSFET diff6- 
rentiel (M4, Q4) regoit un second signal d'en- 
tree provenant du noeud d'entr6e d'inversion, 
et la source du premier MOSFET differentiel 
(M3, Q3) est reli£e £ la source du deuxieme 
MOSFET differentiel (M4, Q4). 

Circuit de filtrage analogique selon la revendication 
1 , dans lequel Iedit premier circuit electrique est un 
troisieme MOSFET (M1) ayant un trajet source- 
drain relie entre ladite borne d'alimentation et le 
drain dudit premier MOSFET (M3), et une grille, 

Iedit second circuit electrique est un quatrie- 
me MOSFET (M2) ayant un trajet source-drain relie 
entre ladite borne d'alimentation et le drain dudit 
deuxieme MOSFET (M4), et une grille, et 



Iedit circuit de commande (MBO, MB1 ... MBn) 
est un circuit de polarisation permettant de changer 
la tension de polarisation appliquee aux grilles des- 
dits troisieme et quatrieme MOSFET (M1 , M2) con- 
5 formement a un signal de commande. 

3. Circuit de filtrage analogique selon la revendication 
1 ou la revendication 2, dans lequel 

ladite source de courant est un cinquieme 
10 MOSFET (M5) ayant un trajet source-drain relie en- 
tre la source dudit premier MOSFET (M3) et une 
borne d'alimentation predeterminee, et une grille, et 
Iedit circuit de commande (MBO, MB1 ... MBn) 
inclut un circuit de polarisation permettant de chan- 
15 ger une tension de polarisation appliquee £ la grille 
dudit cinquieme MOSFET (M5) conform6ment 
audit signal de commande. 

4. Circuit de filtrage analogique selon Tune quelcon- 
20 que des revendications precedentes, dans lequel 

Iedit signal de commande inclut un signal cor- 
respondent a un signal d'entree applique a la grille 
dudit premier MOSFET (M3), et 

Iedit circuit de polarisation inclut un circuit de 

25 compensation pour appliquer aux grilles desdits 
premier et deuxieme MOSFET (M3, M4) une ten- 
sion de polarisation qui compense le changement 
des courants source-drain desdits premier et 
deuxieme MOSFET (M3, M4) £ I'aide du change- 

30 ment des tensions au niveau des drains desdits pre- 
mier et deuxieme MOSFET (M3, M4) du au chan- 
gement dudit signal d'entree. 

5. Circuit de filtrage analogique selon I'une quelcon- 
35 que des revendications 1 £ 3, dans lequel 

Iedit signal de commande inclut un signal cor- 
respondant £ un signal d'entree applique £ la grille 
dudit premier MOSFET (M3), et 

Iedit circuit de polarisation inclut un premier 

40 circuit de compensation pour appliquer aux grilles 
desdits premier et deuxieme MOSFET (M3, M4) 
une tension de polarisation qui compense le chan- 
gement des courants source-drain desdits premier 
et deuxieme MOSFET (M3, M4) £ I'aide du chan- 

45 gement des tensions au niveau des drains desdits 
premier et deuxieme MOSFET (M3, M4) dQ au 
changement dudit signal d'entree, et un second cir- 
cuit de compensation (MB11) pour appliquer £ la 
grille dudit cinquieme MOSFET (M5) une tension 

50 de polarisation qui compense le changement du 
courant source-drain dudit cinquieme MOSFET 
(M5) £ I'aide du changement de la tension au niveau 
du drain du cinquieme MOSFET (M5) dO au chan- 
gement dudit signal d'entree. 

55 

6. Circuit de filtrage analogique selon I'une quelcon- 
que des revendications precedentes, dans lequel 

ladite source de courant est un sixieme MOS- 
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35 

PET (M6/ayant un trajet source-drain relie entre la 
source dudit premier MOSFET (M3) et une borne 
d'alimentation pr6determinee, et une grille, et 

ledit circuit de commande inclut un circuit de 
polarisation (MB21) permettant de changer une 5 
tension de polarisation appliquee £ la grille dudit 
sixfeme MOSFET (M1) conformement audit signal 
de commande. 

7. Circuit de filtrage analogique selon Tune quelcon- 10 
que des revendications precedentes, 

dans lequel ledit circuit de conversion tension/ 
courant inclut, 

un premier noeud de sortie pour recevoir un 
signal de sortie provenant du drain dudit premier 15 
MOSFET (M3), 

un second noeud de sortie pour recevoir un 
signal de sortie £ partir du drain dudit deuxi£me 
MOSFET (M4), 

un premier noeud d'entree pour recevoir un 20 
signal applique £ la grille dudit premier MOSFET 
(M3), 

et un second noeud d'entree pour recevoir un 
signal applique £ la grille dudit deuxieme MOSFET 
(M4), et 25 

dans lequel ledit circuit de capacity (C) est re- 
lie audit second noeud de sortie, et ledit second 
noeud d'entree est relie audit second noeud de sor- 
tie. 

30 

8. Circuit de filtrage analogique forme sur un substrat 
£ semi-conducteurs, comportant : 

une pluralite de circuits de conversion tension/ 
courant, 35 
une pluralite de circuits capacitifs (C) relies aux 
noeuds de sortie de non-inversion respectifs de 
ladite plurality de circuits de conversion ten- 
sion/courant, et 

un circuit de commande (MBO, MB1 ... MBn) 40 
est fourni de manfere commune £ ladite plura- 
lite de circuits de conversion tension/courant, 
et 

dans lequel chacun desdits circuits de con- 45 
version tension/courant inclut : 

un noeud d'entree d'inversion (IN"), un noeud 
d'entree de non-inversion (INT) pour recevoir 
un signal de tension d'entree, un noeud de sor- so 
tie d'inversion(OUT-) et un noeud de sortie de 
non-inversion (OUT + ) relie au noeud d'entree 
d'inversion, le noeud de sortie d'inversion du 
circuit de conversion tension/courant etant relie 
au noeud d'entree de non-inversion du circuit 55 
de conversion tension/courant, et incluant : 

un premier MOSFET diff6rentiel (M3, Q3) 



ayant une source, un drain fournissant un 
premier signal de sortie au noeud de sortie 
d'inversion et une grille, 
un deuxieme MOSFET differential (M4, 
Q4) ayant une source, un drain fournissant 
un second signal de sortie au noeud de 
sortie de non-inversion et une grille, 
une source de courant (M5, ICO) reliee £ 
la source dudit premier MOSFET differen- 
tiel, 

un premier circuit electrique (M1, IO) relie 
entre une borne d'alimentation & laquelle 
est appliquee une tension predetermine 
et le drain dudit premier MOSFET differen- 
tiel (M3, Q3), et 

un second circuit electrique (M2 f IO) relie 
entre ladite borne d'alimentation et le drain 
dudit deuxieme MOSFET differentiel (M4, 
Q1), 

caracterise en ce que : 

un circuit de commande (MBO, MB1 ... MBn) 
est fourni de maniere commune £ ladite plura- 
lite de circuits de conversion tension/courant, 
ledit circuit de commande (MBO, MB1 ... MBn) 
est relie auxdits premier et second circuits eiec- 
triques (M1, IO ; M2, IO) de chacun desdits cir- 
cuits de conversion tension/courant, et utilise 
pour determiner les valeurs de courant des pre- 
mier et second circuits eiectriques, et 
dans chacun desdits circuits de conversion ten- 
sion/courant, la grille du premier MOSFET dif- 
ferentiel (M3, Q3) re$oit un premier signal d'en- 
tree provenant du noeud d'entree de non-inver- 
sion, la grille du deuxieme MOSFET differentiel 
(M4, Q4) regoit un second signal d'entree pro- 
venant du noeud d'entree d'inversion, et la 
source du premier MOSFET differentiel (M3, 
Q3) est reliee £ la source du deuxieme MOS- 
FET differentiel (M4, Q4). 

9. Circuit de filtrage analogique selon la revendication 
8, dans lequel 

ledit premier circuit electrique est un troisieme 
MOSFET (M1 ) ayant un trajet source-drain relie en- 
tre ladite borne d'alimentation et le drain dudit pre- 
mier MOSFET (M3) et une grille, 

ledit second circuit electrique est un quatri£- 
me MOSFET (M2) ayant un trajet source-drain relie 
entre ladite borne d'alimentation et le drain dudit 
deuxieme MOSFET (M4), et une grille, et 

ledit circuit de commande (MBO, MB1 ... MBn) 
est un circuit de polarisation permettant de changer 
la tension de polarisation appliquee £ la grille des- 
dits troisieme etquatri£me MOSFET conform6ment 
£ un signal de commande. 
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10. Circuit d6 filtrage analogique selon la revendication 
9, 

dans lequel 

ladite source de courant est un cinquteme 
MOSFET (M5) ayant un trajet source-drain reli6 en- 
tre la source dudit premier MOSFET (M3) et une 
borne d'alimentation predetermine, et une grille, et 

ledit circuit de commande (MBO, MB1 ... MBn) 
inclut un circuit de polarisation permettant de chan- 
ger une tension de polarisation app!iqu6e £ la grille 
dudit cinquteme MOSFET (M5) conform6ment 
audit signal de commande. 

1 1 . Circuit de filtrage analogique selon la revendication 

I , forme sur un substrat d semi-conducteurs unique 
dans lequel ledit circuit de conversion tension/cou- 
rant inclut : 

un troisfeme MOSFET differentiel (Q1) ayant 
une source relive & la source du premier MOS- 
FET differentie! (Q3), un drain relte au drain du 
deuxteme MOSFET differentiel (Q4) et une 
grille, 

un quatrfeme MOSFET differentiel (Q2) ayant 
une source reliee £ la source du premier MOS- 
FET differentiel (Q3), un drain relte au drain du 
premier MOSFET differentiel (Q3) et une grille, 
un premier circuit de d6calage de niveau (Q5, 
Q6) reli6 aux grilles desdits premier et troisidme 
MOSFET differentiels (Q3, Q1), 
un second circuit de decalage de niveau (Q7, 
Q8) relte aux grilles desdits deuxieme et qua- 
tri£me MOSFET differentiels (Q4, Q2), 
un premier circuit d'6l&vation de niveau (Q11, 
11) pour augmenter un signal d'entr6e regu, et 
appliquer le signal d'eievation de niveau audit 
premier circuit de decalage de niveau (Q5, Q6), 
et 

un second circuit d'eievation de niveau (Q12, 
11) pour augmenter un signal d'entree regu, et 
appliquer le signal d'eievation de niveau audit 
second circuit de decalage de niveau (Q7, Q8). 

1 2. Circuit de filtrage analogique selon la revendication 

II, dans lequel 

ledit premier circuit d'eievation de niveau 
(Q11, 11) inclut un cinqufeme MOSFET (Q11) pour 
un suiveur de source qui regoit ledit signal d'entree, 

ledit second circuit d'eievation de niveau 
(Q12, 11) inclut un sixfeme MOSFET (Q12) pour un 
suiveur de source qui regoit ledit signal d'entree, 

ledit premier circuit de decalage de niveau in- 
clut un septfeme et un huitteme MOSFET (Q5, Q6) 
ayant essentieliement les memes caracteristiques 
que celles dudit cinqu&me MOSFET (Q11), ledit 
septieme MOSFET (Q5) est monte en diode et ap- 
plique la sortie dudit premier circuit d'eievation de 
niveau audit premier MOSFET differentie! (Q3), et 



ledit huit&me MOSFET (Q6) est monte en diode et 
applique la sortie dudit premier circuit d'eievation 
de niveau audit troisieme MOSFET differentie! 
(Q4), et 

5 (edit second circuit de decalage de niveau in- 

clut un neuvfeme et un dixfeme MOSFET (Q7, Q8) 
ayant essentieliement les m§mes caracteristiques 
que celles dudit sixi&me MOSFET (Q12), ledit neu- 
vteme MOSFET (Q7) est monte en diode et appli- 

10 que la sortie dudit second circuit d'eievation de ni- 
veau audit deuxieme MOSFET differentiel (Q4), et 
ledit dixteme MOSFET (Q8) est monte en diode et 
applique la sortie dudit second circuit d'eievation de 
niveau audit quatrteme MOSFET differentiel (Q2). 

15 

13. Circuit de filtrage analogique selon la revendication 
12, dans lequel 

ledit premier circuit de decalage de niveau in- 
clut en outre une source de courant variable reliee 
20 aux sources desdits septi£me et huitfeme MOSFET 
(Q5, Q6), et 

ledit second circuit de decalage de niveau in- 
clut en outre une source de courant variable reliee 
aux sources desdits neuvi&me et dixi&me MOSFET 
25 (Q7, Q8). 

14. Circuit de filtrage analogique selon la revendication 
11, dans lequel ledit circuit de filtrage analogique 
est un circuit de filtrage monte dans un codeur-de- 

30 codeur audio ou un modem. 

1 5. Dispositif de circuit infegre d semi-conducteurs for- 
me sur un substrat £ semi-conducteurs unique et 
incluant un circuit de filtrage, ledit dispositif 

35 comportant : 

un premier circuit de filtrage (20) selon la re- 
vendication 1 , ayant une borne de commande, 
relive au circuit de commande (MBO, MB1 ... 

40 MBn), une borne d'entree formee par le noeud 

d'entree de non-inversion et une borne de sor- 
tie formee par le noeud de sortie de non-inver- 
sion et ayant des caracteristiques changees 
par une tension appliquee d ladite borne de 

45 commande, 

un detecteur de difference de phase (30) qui 
regoit un signal de sortie de reference (Vo) d6- 
livre en sortie par ledit premier circuit de filtrage 
(20) et un signal de reference (Vi) ayant une 

so frequence pr§d£termin6e, lorsque ledit signal 

de reference est applique £ la borne d'entree 
dudit premier circuit de filtrage (20), et d&livre 
en sortie un signal de commande (Vc) corres- 
pondant £ la difference de phase entre ledit si- 

55 gnal de sortie de reference (Vo) et ledit signal 

de reference (Vi), et 

un second circuit de filtrage (10) selon la reven- 
dication 1 , ayant une borne de commande re- 
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